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Abstract	
	
	
Background:	Shift	work	has	emerged	as	a	risk	factor	for	many	diseases,	particularly	cardiovascular	

disease	(CVD).	While	the	pathway	by	which	shift	work	increases	CVD	risk	is	still	not	fully	understood,	it	is	

hypothesized	that	disruption	of	cortisol	during	night	work	is	an	intermediate.	

Objective:	To	determine	whether	quantity	of	cortisol	production,	diurnal	pattern,	and	cortisol	variability	

mediate	the	relationship	between	current	shift	work	status	and	cardiometabolic	risk	among	female	

hospital	employees.	

Methods:	A	cross-sectional	study	was	conducted	with	326	female	employees	(166	rotating	shift	workers	

and	160	day	workers)	at	Kingston	General	Hospital	in	Ontario,	Canada.	Participants	completed	a	

baseline	interview,	questionnaire,	and	clinical	exam,	and	provided	urine	samples	over	two	24-hour	

cycles	(included	one-night	shift	for	the	shift	workers).	Diurnal	quantity	of	cortisol	production	(AUCG),	

cortisol	pattern	(AUCI),	and	the	magnitude	of	variation	for	both	AUCG	and	AUCI	was	determined	across	

the	two	cycles	using	creatinine-adjusted	urinary	cortisol.	Two	measures	of	cardiometabolic	risk	(CMR)	

were	used:	metabolic	syndrome	(MetS)	based	on	the	2009	Joint	Interim	Studies	consensus	statement,	

and	a	continuous	CMR	score	created	by	Hillier	and	colleagues	(2006).	

Results:	Current	shift	workers	are	more	likely	to	have	MetS	than	dayworkers	(21%	vs.	12%,	respectively,	

OR:	2.41,	95%	CI:	1.25-4.64)	and	have	a	higher	CMR	score	(β:	0.45,	95%	CI:	0.12-0.78).	Shift	work	is	also	

associated	with	a	lower	average	AUCG	and	a	higher	magnitude	of	variation	in	AUCI,	but	not	with	average	

AUCI	or	magnitude	of	variation	in	AUCG.	Average	AUCG	is	a	partial	mediator	in	the	relationship	between	

shift	work	and	CMR,	as	measured	with	the	CMR	score.	There	is	no	evidence	that	AUCI	or	either	

magnitude	of	variation	are	intermediates	between	shift	work	and	CMR.		

Conclusions:	Current	rotating	shift	workers	have	a	lower	quantity	of	cortisol	production,	a	higher	

magnitude	of	variation	in	pattern,	a	higher	CMR	score,	and	a	higher	odds	of	MetS	in	comparison	to	day	
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workers.	Quantity	of	cortisol	production	is	a	partial	mediator	in	the	relationship	between	current	shift	

work	and	CMR.	Future	studies	warrant	the	consideration	of	other	potential	mediators	in	the	causal	

pathway	between	shift	work	and	CVD	risk.	
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Chapter	1	
	

Introduction	

	
1.1	Background	and	Rationale	

Cardiovascular	disease	(CVD)	is	a	category	of	disease	that	involves	diseases	of	the	circulatory	

system,	including	the	heart	and	blood	vessels.1	This	can	include	coronary	heart	disease	(CHD),	which	

is	also	known	as	ischemic	heart	disease	(IHD),	congestive	heart	failure,	and	stroke.2	CVD	is	the	

leading	cause	of	death	in	the	world,	and	is	responsible	for	an	estimated	31%	of	all	global	deaths.3	In	

Canada,	CVD	is	one	of	the	leading	causes	of	death	for	women.	In	2013,	27%	of	deaths	in	Canadian	

women	were	due	to	CVD.4	CVD	has	a	major	economic	impact	in	Canada	on	individuals,	communities,	

families	and	the	health	care	system.	In	2000,	the	economic	burden	of	CVD	in	Canada	was	an	

estimated	$22.2	billion,	which	includes	$7.6	billion	for	health	care	costs,	and	$14.6	billion	from	lost	

economic	productivity	due	to	disability	and	death.5	

CVD	etiology	is	complex,	and	many	risk	factors	have	been	identified.	Past	studies	and	reviews	

have	identified	both	modifiable	and	non-modifiable	risk	factors	for	CVD,	such	as	age,	genetics,	

comorbidities,	and	unhealthy	lifestyle	behaviors.3,6,7	However,	the	attributable	risk	of	factors	such	as	

work	environment	is	less	clear.	In	this	thesis	one	aspect	of	work	environment,	shift	work,	will	be	

investigated.	Shift	work	is	a	widely	used	term,	and	generally	refers	to	a	work	schedule	that	is	worked	

outside	of	conventional	daylight	hours.8	Shift	work	comprises	regular	evening	or	night	schedules,	

rotating	shifts,	split	shifts,	on-call	or	casual	shifts,	24-hour	shifts,	irregular	schedules,	and	other	non-

day	schedules.9,10	In	general,	the	evidence	supports	an	association	between	shift	work	and	an	

increased	risk	of	CVD.11–13	However,	the	pathways	through	which	shift	work	may	influence	CVD	risk	

are	still	unclear.	Several	mechanisms	underlying	the	association	between	shift	work	and	CVD	have	

been	hypothesized,	including	interrelated	psychosocial,	behavioral,	and	physiological	
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mechanisms.14,15	One	hypothesized	physiological	mechanism,	which	this	thesis	focuses	on,	is	the	

pathway	in	which	shift	work	disrupts	cortisol	production.	The	purpose	of	this	thesis	is	to	address	this	

knowledge	gap	by	exploring	cortisol	production	as	a	potential	mechanism	between	shift	work	and	

cardiometabolic	risk.	

Cortisol	is	a	circadian-regulated	stress	hormone	that	is	regulated	by	the	hypothalamic-pituitary-

adrenal	axis	(HPA	axis).16	Past	research	has	found	that	night	shift	work	changes	the	pattern	and	total	

quantity	production	of	cortisol.17–20	However,	results	from	epidemiologic	studies	are	inconsistent	

due	to	underpowered	studies,	inconsistent	definitions	of	shift	work,	and	heterogeneous	methods	

for	analyzing	cortisol.18,21–27		We	recently	reported	that	night	shift	work	acutely	disrupts	cortisol	

pattern	and	total	production	in	comparison	to	day	shift	work.17	However,	it	is	still	unclear	if	

disruptions	in	cortisol	production	during	night	work	are	related	to	cardiometabolic	risk.	No	study	has	

thoroughly	investigated	the	relationship	between	shift	work,	cortisol,	and	cardiometabolic	risk.	

Investigating	shift	work	as	a	risk	factor	for	adverse	outcomes	is	an	important	area	of	research.	

Recently,	it	was	found	that	the	prevalence	of	shift	workers	among	the	adult	working	population	in	

Canada	to	be	33%.10	Since	shift	work	is	a	necessary	component	of	healthcare,	it	is	important	to	

understand	the	possible	mechanisms	through	which	shift	work	influences	the	development	of	

cardiometabolic	risk.	Understanding	this	pathway	will	help	to	elucidate	potential	targets	for	

evidence-based	interventions	and	healthy	workplace	policies	to	help	minimize	the	health	risks	

associated	with	shift	work.	In	addition,	given	the	majority	of	healthcare	workers	are	female28	and	

females	have	differing	risks	for	cardiometabolic	risk29,	it	is	important	to	study	these	potential	

mechanisms	exclusively	in	women.	Further,	we	know	that	sex	modifies	cortisol	production	and	the	

cortisol	stress	response,	as	well	as	mechanisms	of	CVD	development,	necessitating	female-specific	

studies.30–32	The	aim	of	this	research	is	to	improve	our	understanding	of	shift	work	as	a	risk	factor	for	
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CVD,	and	to	inform	the	development	of	appropriate	CVD	prevention	strategies	in	the	workplace	for	

women.	

1.2	Objective	

The	objective	of	this	thesis	is	to	determine	whether	total	cortisol	production,	diurnal	pattern	

and	variation	in	cortisol	production	and	pattern	are	mediators	in	the	relationship	between	shift	

work	and	cardiometabolic	risk.	

1.3	Overview	of	Study	Design	

This	thesis	uses	data	collected	from	a	cross-sectional	study	among	female	hospital	employees	

from	Kingston	General	Hospital,	an	acute-care	teaching	hospital	in	Southeastern	Ontario,	Canada.	

Participants	were	recruited	between	September	2011	and	February	2014.	Recruitment	procedures	

included	posters	in	hospital	units,	meetings	with	program	managers,	direct	email	communication,	

and	notices	in	hospital	departments.	Participants	included	staff	from	inpatient	units,	such	as	

registered	nurses	and	patient	care	assistants,	as	well	as	laboratory,	diagnostic	and	support	services	

such	as	housekeeping	and	administration.	There	were	326	participants	in	the	final	sample;	166	were	

rotating	shift	workers	and	160	were	day	workers.	

Current	shift	work	status	was	obtained	through	intake	interviews.	Urine	samples	were	collected	

over	two	separate	24-hour	cycles	to	measure	diurnal	(i.e.	24-hour)	cortisol	production.	Day	workers	

were	asked	to	collect	urine	during	two	24-hr	cycles	that	each	included	a	day	shift,	while	shift	

workers	were	asked	to	collect	one	cycle	during	a	day	shift	and	a	second	cycle	during	a	night	shift.	

Creatinine-adjusted	cortisol	concentration	was	measured	for	each	sample	using	a	urinary	free-

cortisol	kit	and	a	Jaffe	reaction.	Cardiometabolic	risk	factors	were	determined	through	clinical	

examinations.	Two	measures	of	cardiometabolic	risk	were	used;	metabolic	syndrome	(MetS)	based	

on	the	2009	Joint	Interim	Studies	consensus	statement33	and	a	cardiometabolic	risk	score	created	by	

Hillier	and	colleagues	(2006).34	Information	on	potential	confounders,	work	characteristics	and	
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lifestyle	behaviors	was	measured	through	a	combination	of	interviews	and	self-administered	

questionnaires	

1.4	Thesis	Organization	

Following	this	introduction,	Chapter	2	will	provide	a	review	of	the	literature,	synthesizing	and	

critiquing	the	evidence	that	explores	the	relationships	between	shift	work	and	CVD	risk,	with	a	

specific	focus	on	the	cortisol	disruption	pathway.	There	is	a	strong	focus	on	understanding	cortisol	

as	a	circadian-regulated	stress	hormone,	the	effect	of	shift	work	on	cortisol	production,	and	how	

changes	in	cortisol	may	contribute	to	the	development	of	cardiometabolic	risk.	Chapter	3	discusses	

the	methods	used	in	this	thesis	in	detail.	Chapter	4	contains	a	manuscript	entitled	“Investigating	

cortisol	production,	pattern,	and	variability	as	mediators	in	the	relationship	between	shift	work	and	

cardiometabolic	risk”.	Chapter	5	provides	an	interpretation	of	the	findings	in	the	context	of	existing	

research,	a	discussion	of	strengths	and	limitations,	generalizability	of	these	findings,	and	future	

directions.	Information	on	interpretation	of	analyses	and	supporting	documentation	are	included	in	

the	appendices.			
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Chapter	2 	
	

Literature	Review	
	

2.1	Introduction	

Shift	work	is	a	widely	used	term,	and	generally	refers	to	a	work	schedule	that	is	worked	

outside	of	conventional	daylight	hours.1	Shift	work	comprises	regular	evening	or	night	schedules,	

rotating	shifts,	split	shifts,	on-call	or	casual	shifts,	24-hour	shifts,	irregular	schedules,	and	other	non-

day	schedules.2,3	Shift	work	is	a	prevalent	work	pattern	in	Canadian	society,	with	prevalence	of	shift	

work	increasing	from	22%	in	1992	to	25%	in	2005	among	full-time	employees.2	Recently,	the	

prevalence	of	shift	workers	among	the	adult	working	population	in	Canada	was	estimated	to	be	33%	

in	2010.3	In	full-time	Canadian	workers,	the	healthcare	industry	has	one	of	the	highest	prevalence	of	

shift	work.2	The	most	common	form	of	shift	work	in	Canada	is	rotating	shift	work,	which	includes	

alternating	daytime	and	non-daytime	shifts	such	as	afternoon,	evening,	or	night	shifts.2		

Shift	work	has	emerged	as	a	risk	factor	for	many	chronic	diseases,	including	breast	cancer4,5,	

ovarian	cancer6,	cardiovascular	disease	(CVD)3,7,	and	diabetes.5,8	Several	studies	and	systematic	

reviews	have	shown	that	shift	work	is	associated	with	an	increased	risk	of	common	forms	of	CVD.3,7,9	

A	meta-analysis	of	34	studies	(n=2,011,935)	by	Vyas	et	al.	(2012)	estimated	that	7.3%	of	all	coronary	

events	and	1.6%	of	ischemic	strokes	among	Canadian	employees	between	2009	and	2010	were	

attributed	to	shift	work.3	Shift	work	is	also	associated	with	cardiometabolic	risk.10,11	Cardiometabolic	

risk	refers	to	a	cluster	of	risk	factors	that	increase	the	likelihood	of	experiencing	vascular	events	or	

developing	diabetes	as	a	consequence	of	increased	insulin	resistance	and	atherogenic	

dyslipidemia.12	The	most	common	way	to	describe	and	assess	cardiometabolic	risk	is	through	

diagnosis	of	metabolic	syndrome,	which	is	a	clustering	of	CVD	risk	factors.13	According	to	the	recent	

2009	Joint	Interim	Studies	consensus	statement,	a	woman	is	considered	positive	for	metabolic	
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syndrome	if	she	meets	three	or	more	of	the	following	criteria:	waist	circumference	≥80	cm,	elevated	

triglycerides	(≥1.7	mmol/L),	reduced	high-density	lipoprotein	(<1.3	mmol/L),	elevated	blood	

pressure	(systolic	≥130	mmHg	or	diastolic	≥85	mmHg	or	drug	treatment),	and	elevated	fasting	blood	

glucose	(≥	100	mg/dL).13	A	recent	meta-analysis	of	13	studies	(n=15,594)	found	that	exposure	to	

night	shift	work	between	the	hours	of	24:00-06:00	increases	the	risk	of	metabolic	syndrome	by	

almost	60%	(pooled	RR:	1.57;	95%	CI:	1.24-1.98).	They	also	found	a	positive	dose-response	

relationship	between	years	of	working	night	shifts	and	metabolic	syndrome	risk.14	

Several	mechanisms	underlying	the	association	between	shift	work	and	cardiometabolic	risk	

have	been	hypothesized.	These	interrelated	pathways	include	circadian-regulated	physiological	

disruption,	behavioral	changes,	and	socio-temporal	disruption.15,16	This	thesis	focuses	on	one	

hypothesized	pathway	in	which	shift	work	disrupts	the	production	of	cortisol,	a	circadian	regulated	

biomarker	for	stress.17	Cortisol	follows	a	characteristic	diurnal	pattern	of	production,18	and	past	

research	shows	that	shift	work	changes	both	the	diurnal	pattern	and	the	quantity	produced.19–22	It	is	

hypothesized	that	these	changes	in	cortisol	may	lead	to	physiological	changes	that	are	conducive	to	

the	development	of	cardiometabolic	risk	and	CVD.		

The	following	sections	will	discuss	these	areas	in	further	detail	and	will	include	1)	a	review	of	

the	definition	of	shift	work,	2)	evidence	linking	shift	work	to	CVD	and	cardiometabolic	risk,	3)	

evidence	on	the	effect	of	shift	work	on	cortisol	production,	and	4)	evidence	linking	cortisol	

disruption	to	cardiometabolic	outcomes.		

2.2	Shift	Work	and	CVD	

2.2.1	Shift	work	

Although	shift	work	and	its	association	with	adverse	health	outcomes	has	been	explored	

extensively,	the	definition	of	shift	work	is	inconsistent	across	studies.	These	inconsistencies	may	be	

due	to	differences	in	culture,	occupations,	or	legal	requirements	in	workplaces	where	studies	are	
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conducted.2,23–25	A	recent	review	by	Härmä	et	al.	(2015)	assessed	this	inconsistency	using	principal	

component	analysis	conducted	on	data	from	12,391	nurses	and	physicians.25	They	found	that	there	

are	four	independent	health-related	parameters	of	shift	work;	current	shift	work	status,	past	shift	

work	experience,	shift	work	intensity,	and	social	aspects	of	shift	work.25	In	this	thesis,	we	only	

analyzed	shift	work	in	terms	of	current	shift	work	status;	whether	they	worked	rotating	shift	work	or	

exclusively	days.	Current	shift	work	status	was	chosen	since	cortisol	was	measured	at	one-time	

point,	and	thus	is	not	a	good	measure	of	chronic	exposure	to	shift	work.	We	defined	rotating	shift	

work	as	workers	who	worked	a	rotating	schedule	of	day	shifts	and	night	shifts	within	the	hours	of	

12:00	AM	and	5:00	AM.		

2.2.2	Shift	work	and	CVD:	epidemiological	evidence	

CVD	is	a	term	used	to	refer	to	diseases	of	the	circulatory	system	that	involve	the	heart	and	

blood	vessels.26	This	includes	coronary	heart	disease	(CHD),	which	is	also	known	as	ischemic	heart	

disease	(IHD),	congestive	heart	failure,	and	stroke.27	There	is	strong	evidence	that	shift	work	and	

CVD	are	associated,	however	the	results,	particularly	risk	estimates,	are	inconsistent.	In	a	systematic	

review	of	14	prospective	studies	published	between	1972	and	2008,	Frost	et	al.	(2009)	reported	that	

relative	risk	estimates	for	CVD	comparing	shift	workers	to	day	workers	varied	between	0.64	and	

2.25.9	Frost	et	al.	(2009)	also	found	that	there	is	weak	or	no	association	when	using	studies	

investigating	fatal	CVD	outcomes,	but	there	is	a	modest	positive	association	when	non-fatal	

outcomes	are	considered.9	Variation	in	these	estimates	and	results	are	likely	related	to	different	

CVD	outcomes	(i.e.	use	of	coronary	heart	disease	vs.	stroke),	misclassification	of	the	outcome	due	to	

changes	in	diagnostic	coding,	and	inaccurate	diagnosis	at	time	of	mortality	studies.		Another	reason	

for	the	inconsistencies	is	differential	exposure	misclassification.	Many	reviews	have	suggested	that	

conflicting	results	may	be	due	to	inconsistent	operational	definitions	of	shift	work3,9,25,	especially	

considering	Frost	et	al.	did	not	define	shift	work	and	included	any	study	that	measured	some	aspect	
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of	shift	work.	Further,	interpretation	of	these	results	is	limited	by	methodological	problems	since	

selection	bias	in	the	individual	studies	could	not	be	ruled	out	in	the	review.	

Vyas	et	al.	(2012)	conducted	a	meta-analysis	of	34	studies	(n=2,011,935)	in	which	shift	

workers	were	defined	as	workers	who	participated	in	non-day	work.3	When	shift	workers	were	

compared	to	day	workers,	they	had	a	moderately	increased	risk	of	myocardial	infarction	(RR:	1.23,	

95%	CI:	1.15,	1.31)	and	ischemic	stroke	(RR:	1.05,	95%	CI:	1.01,	1.09).3	They	were	also	at	a	higher	risk	

for	hospital	admissions	due	to	coronary	heart	disease	and	coronary	mortality	(RR:	1.24,	95%	CI:	

1.10,	1.39).3	This	review	is	the	largest	and	most	comprehensive	review	of	the	shift	work	and	

cardiovascular	outcomes	to	date	where	the	effect	of	varying	cardiovascular	outcomes	was	

thoroughly	considered.3	However,	there	was	substantial	heterogeneity	between	studies	on	coronary	

mortality	and	heart	disease,	suggesting	that	pooling	these	results	may	not	have	been	suitable.3	The	

confounders	considered	by	individual	studies	also	varied,	which	could	result	in	differing	levels	of	

unmeasured	confounding.3	Vyas	et	al.	(2012)	also	performed	a	sensitivity	analysis	to	determine	

whether	the	observed	association	between	shift	work	and	CVD	events	differed	by	definitions	of	shift	

work	exposure.3	They	found	that	shift	work	was	associated	with	vascular	events	in	studies	where	it	

was	defined	as	rotating	shifts	between	day,	afternoon,	evening	and	night.3	However,	in	studies	

where	shift	work	was	defined	as	working	exclusively	evenings,	there	was	no	association.3	This	

illustrates	that	conflicting	results	may	be	due	to	inconsistent	definitions	of	shift	work,	and	should	be	

considered	in	future	reviews	and	studies.	It	also	supports	that	shift	work	that	includes	a	night	

component	is	associated	with	the	greatest	risk	of	CVD.	

There	is	also	evidence	to	suggest	that	rotating	night	shift	work	has	a	positive	dose-response	

relationship	with	cardiovascular	outcomes.	In	a	recent	prospective	cohort	study,	women	were	

followed	up	for	24	years	in	the	Nurses’	Health	Study	(n=189,158),	and	lifetime	history	of	rotating	

night	shift	work	was	assessed	(≥3	night	shifts	per	month	in	addition	to	day	and	evening	shifts).7	It	
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was	found	that	increasing	years	of	baseline	rotating	night	shift	work	was	associated	with	higher	CHD	

risk	(p<0.01	for	trend),	with	a	27%	increase	in	risk	for	10	years	or	more	of	shift	work	(RR	1.27,	95%	

CI:	1.09,	1.48).7	In	addition,	longer	time	since	quitting	shift	work	was	associated	with	decreased	CHD	

risk	among	women	who	had	ever	worked	shift	work	(p<.001	for	trend);	women	who	were	current	

rotating	shift	workers	had	a	38%	increase	in	CHD	risk	(95%	CI:	1.20,	1.57)	vs.	workers	who	had	quit	

shift	work	12-24	years	prior	had	only	a	13%	increase	in	CHD	risk	(95%	CI:	1.02,	1.25).7	Overall,	the	

majority	of	epidemiological	evidence	generally	supports	a	relationship	between	exposure	to	shift	

work	and	increased	risk	for	CVD,	as	well	as	a	positive	dose-response	relationship.	However,	future	

studies	and	reviews	should	consider	the	impact	of	heterogeneous	definitions	of	shift	work	and	

differing	cardiovascular	outcomes	on	estimates	in	risk.	

2.2.3	Shift	work	and	cardiometabolic	risk:	epidemiological	evidence	

Cardiometabolic	risk	is	a	condition	in	which	the	potential	for	developing	atherosclerotic	

cardiovascular	disease	and	diabetes	mellitus	are	enhanced	due	to	the	presence	and	consequences	

of	insulin	resistance	and	atherogenic	dyslipidemia.12	Metabolic	syndrome	is	a	clustering	of	

cardiometabolic	risk	factors	including	elevated	triglycerides,	elevated	blood	pressure,	elevated	

fasting	glucose,	abdominal	obesity,	and	lowered	high-density	lipoprotein	cholesterol.13	In	this	study	

we	focused	on	cardiometabolic	risk	as	our	primary	outcome	of	interest	since	numerous	studies	

support	the	strong	association	between	these	cluster	of	risk	factors	and	future	CVD.28–30	The	most	

recent	meta-analysis	(87	studies,	n=951,083)	found	that	metabolic	syndrome	was	associated	with	a	

2.4-fold	increased	risk	of	CVD	(RR:	2.35,	CI:	2.02,	2.73)	and	a	2.4-fold	increased	risk	of	CVD	mortality	

(RR:	2.40,	95%	CI:	1.87,	3.08).28	

There	is	strong	evidence	of	associations	between	shift	work	and	metabolic	syndrome.	In	a	

recent	meta-analysis	by	Wang	et	al.	(2014),	data	from	13	studies	(conducted	between	1971	and	

2013,	n=15,594)	found	that	individuals	ever-exposed	to	night	work	had	a	57%	higher	risk	of	
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developing	metabolic	syndrome	in	comparison	to	those	never	exposed	(RR:	1.57,	95%	CI:	1.32,	

1.98).14	There	is	also	evidence	that	the	relationship	between	shift	work	and	metabolic	syndrome	is	

elevated	in	women.	A	slightly	higher	association	was	observed	for	studies	of	female	workers	(RR:	

1.61,	95%	CI:	1.10,	2.34)	in	comparison	to	males	(RR:	1.36,	95%	CI:	1.03,	1.81).14	Wang	et	al.	(2014)	

also	found	a	strong	dose-response	relationship	between	night	shift	work	and	metabolic	syndrome.	

They	found	that	a	higher	RR	was	associated	with	10	years	or	more	of	night	shift	work	compared	with	

under	10	years	(RR:	1.77,	95%	CI:	1.32,	2.36	vs.	RR:1.16,	95%	CI:	0.62,	2.15).14	Only	studies	with	

consistent	definitions	of	night	shifts	(work	between	24:00	and	6:00	AM)	were	pooled	to	ensure	

results	were	not	modified	by	other	shift	times.14	However,	rotating	shift	work	intensities	differed	

between	individual	studies;	some	studies	required	that	shift	workers	work	more	than	one-night	shift	

per	week,	while	others	did	not	have	any	requirements.14	This	lack	of	consistent	definition	of	night	

shift	regarding	the	intensity	of	rotating	shifts	may	lead	to	misclassification	of	the	exposure.	

Moreover,	the	quality	of	confounder	control	also	differed,	while	one	of	the	13	studies	did	not	adjust	

for	any	confounders.14	This	unmeasured	confounding	likely	constitutes	another	source	of	

heterogeneity.		

There	is	also	evidence	that	shift	work	is	associated	with	individual	cardiometabolic	risk	

factors.	Proper	et	al.	(2016)	performed	a	systematic	review	of	22	longitudinal	studies	conducted	

between	2003	and	2015.11	They	found	strong	evidence	for	a	relationship	between	shift	work	and	an	

increased	risk	of	obesity,	body	weight	gain,	and	impaired	glucose	tolerance;	however,	insufficient	

evidence	was	found	for	an	association	between	shift	work	and	dyslipidemia	and	blood	pressure.11	

This	review	is	the	first	systematic	review	to	investigate	the	association	between	shift	work	and	

separate	cardiometabolic	components.	In	addition,	it	is	strengthened	by	the	rigorous	methodologic	

quality	assessment	for	each	study	included,	and	the	inclusion	of	only	longitudinal	studies.11	

However,	the	review	is	limited	by	the	lack	of	high-quality	longitudinal	studies	that	could	be	
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assessed,	and	there	was	substantial	heterogeneity	in	the	design	of	the	studies.	Due	to	the	large	

amount	of	heterogeneity,	the	data	could	not	be	pooled	for	further	assessment	in	a	meta-analysis.11	

Overall,	the	review	suggests	that	shift	work	is	a	risk	factor	for	some,	but	not	all	cardiometabolic	risk	

factors.	However,	more	high-quality	longitudinal	studies	are	needed	to	see	if	this	finding	is	

supported.		

One	of	the	challenges	when	determining	if	there	is	a	relationship	between	shift	work	and	

cardiometabolic	risk	is	the	use	of	a	dichotomous	outcome.	The	recent	2009	Joint	Interim	Studies	

consensus	statement	is	based	on	consensus	between	a	number	of	worldwide	organizations,	

including	the	World	Heart	Federation,	and	allows	for	standardization	across	studies.13	However,	use	

a	dichotomous	outcome	can	result	in	loss	of	information,	warranting	the	consideration	of	a	

continuous	cardiometabolic	syndrome	score31,32	Traditional	metabolic	syndrome	criteria	are	limited	

by	only	identifying	risk	when	a	person	exhibits	abnormalities	beyond	the	cut-offs	of	three	of	the	

components.32	Cardiometabolic	risk	likely	exists	as	a	spectrum	of	risk,	where	an	individual	with	

cardiometabolic	components	just	below	the	threshold	for	all	five	components	may	be	at	higher	risk	

than	someone	who	exceeds	just	three	of	the	cut-offs	for	components.32	It	has	also	been	found	that	

each	cardiometabolic	components	contribute	differing	weight	of	risk,	with	waist	circumference	

generally	contributing	the	highest	risk.31,32		

Cardiometabolic	risk	scores	are	less	frequently	reported	upon.	Two	studies	were	found	that	

examined	the	relationship	between	shift	work	and	the	number	of	metabolic	syndrome	components	

present.	A	5-year	retrospective	study	(n=1077)	in	Taiwan	by	Lin	et	al.	(2014)	found	that	workers	

exposed	to	rotating	shift	work	over	5	years	had	an	increased	risk	of	developing	higher	counts	of	

metabolic	syndrome	components	in	comparison	to	day	workers	(RR:	1.70,	95%	CI:	1.28,	2.25).33	

However,	by	comparing	“higher	component	count”	vs.	“no	change	in	component	count”	over	the	5-

year	period	could	still	potentially	lead	to	loss	of	information	due	to	dichotomizing.	In	addition,	it	
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does	not	consider	that	some	components	may	contribute	higher	risk	to	adverse	metabolic	health.	

Another	study	also	used	a	count	of	metabolic	syndrome	components	and	found	similar	results:	in	

this	cross-sectional	study	of	3094	male	and	female	Japanese	workers,	Kawabe	et	al.	(2014)	found	

that	rotating	shift	work	was	associated	with	a	higher	number	of	metabolic	syndrome	components	in	

comparison	to	day	workers	(β=0.10,	p=0.03).34	However,	they	adjusted	for	sleep	duration,	a	known	

mediator	on	the	causal	pathway35,	and	other	potential	mediators	such	as	physical	activity.	

Moreover,	this	approach	does	not	consider	that	some	components	may	contribute	a	higher	risk	to	

adverse	cardiometabolic	health.	Overall,	there	is	strong	evidence	that	night	shift	work	increases	

cardiometabolic	risk,	and	that	a	positive-dose	response	relationship	exists.	However,	it	is	still	

unclear	how	shift	work	relates	to	a	cardiometabolic	risk	score.	

2.3	Shift	Work	and	Cortisol	

It	is	hypothesized	that	shift	work	contributes	to	cardiometabolic	risk	and	CVD	through	

disruption	of	circadian	rhythm.	Circadian	rhythm	refers	to	physiological	processes	and	behavioural	

habits	that	follow	a	roughly	24-hr	rhythm.36	These	diurnal	rhythms	are	driven	by	an	internal	

biological	clock	known	as	an	endogenous	circadian	oscillator.36	Although	circadian	rhythms	are	

endogenous,	they	are	entrained	to	the	local	environment	and	can	be	adjusted	by	events	such	as	a	

sleep-wake	patterns,	meals,	and	light	exposure.36	The	purpose	of	circadian	rhythms	is	to	synchronize	

physiological	function	with	environmental	circumstances.36	Thus,	the	disruption	of	circadian	rhythm	

by	shift	work	can	lead	to	disruption	of	the	sleep-wake	cycle,	dysregulation	of	metabolism,	changes	

in	hormonal	production,	as	well	as	maladaptive	changes	in	behaviour	(e.g.	diet,	physical	activity)	

that	may	promote	the	development	of	cardiometabolic	risk	and	CVD.37,38	This	thesis	focuses	

specifically	on	the	disruption	of	cortisol,	a	circadian-regulated	stress	hormone,	as	an	intermediate	

between	shift	work	and	cardiometabolic	risk.		
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2.3.1	Cortisol	 	

Cortisol	is	a	circadian-regulated	stress	hormone	that	is	regulated	by	the	hypothalamic-

pituitary-adrenal	axis	(HPA	axis).17	The	hypothalamus	produces	and	secretes	corticotropin-releasing	

hormone	(CRH)	into	the	circulation.	Upon	reaching	the	anterior	pituitary	gland,	CRH	induces	

secretion	of	the	adrenocorticotropic	hormone	(ACTH),	which	travels	to	the	adrenal	glands	above	the	

kidneys.	ACTH	then	stimulates	specialized	tissue	in	the	adrenal	cortex	known	as	zona	fasculate	to	

secrete	cortisol	(Figure	2.1).17	The	production	of	cortisol	generally	follows	a	distinctive	diurnal	

pattern	(Figure	2.2).	Cortisol	levels	peak	approximately	30	minutes	after	awakening,	an	increase	

termed	the	cortisol	awakening	response	(CAR).39	Cortisol	levels	then	decline	steeply	throughout	the	

day,	reaching	their	nadir	at	beginning	of	sleep.39	Production	of	cortisol	is	generally	lowest	during	the	

first	few	hours	of	sleep	due	to	short-term	inhibition	of	cortisol	secretion,	and	begins	increasing	

during	the	second	half	of	sleep	in	preparation	for	awakening.40		

	

Figure	2.1:	Simplified	physiology	of	the	HPA	Axis.	

Quantity	of	cortisol	production	generally	refers	to	quantity	of	total	cortisol	output	over	a	

given	time	period,	such	as	the	morning	or	the	full	24-hour	period.41,42	This	is	typically	measured	by	
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measuring	the	total	amount	of	cortisol	excreted,	or	by	measuring	the	area	under	the	cortisol	

curve.41	While	there	is	no	definitive	definition,	cortisol	pattern	generally	refers	to	circadian	variation	

in	cortisol	secretion	during	a	24-hour	period,	where	cortisol	peaks	in	the	morning,	before	declining	

during	the	day.	Cortisol	pattern	is	typically	measured	through	the	slope	of	a	cortisol	curve,		or	by	

measuring	the	area	under	the	cortisol	curve	relative	to	the	baseline	cortisol	value.41,43,44	Changes	in	

output	of	cortisol	production	and	flatter	diurnal	patterns	(e.g.	due	to	elevated	evening	cortisol	levels	

and/or	lower	cortisol	awakening	levels)	are	thought	to	be	related	to	dysregulation	in	the	HPA	axis;	

however	is	it	unclear	what	aspects	of	the	HPA	axis	they	reflect.42,44	

	

Figure	2.2:	Diurnal	cortisol	curve	from	time	of	awakening.	The	line	of	the	cortisol	curve	represents	the	cortisol	
pattern,	and	the	area	underneath	the	cortisol	curve	represents	the	24-hour	cortisol	output.	

	
Cortisol	is	regulated	by	both	intrinsic	and	extrinsic	factors.	Intrinsically,	cortisol	is	self-

regulated	through	a	negative	feedback	loop.45	When	cortisol	levels	rise,	cortisol	inhibits	the	release	

of	CRH	from	the	hypothalamus,	thereby	inhibiting	the	rest	of	cortisol	release	cycle.45	Like	other	

circadian	processes,	it	is	also	partially	regulated	by	solar	light-dark	cycles.46	Light	interacts	with	
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retinal	cells	which	send	signals	to	the	light-sensitive	circadian	pacemaker	in	the	hypothalamus,	the	

suprachiasmic	nucleus	(SCN).	This	light	information	allows	the	SCN	to	synchronize	the	circadian	

timing	system	with	environmental	time,	which	regulates	cortisol	release	through	the	HPA	axis	in	a	

diurnal	pattern.46	Cortisol	production	is	also	influenced	by	behaviours	such	as	sleep	and	physical	

activity.	Sleep	can	change	the	awakening	pattern	of	cortisol,	and	higher	levels	of	physical	activity	can	

acutely	elevate	cortisol	levels.47,48		

2.3.2	Shift	work	and	cortisol:	current	evidence	

Overall,	the	relationship	between	shift	work	and	cortisol	is	complex,	as	different	aspects	of	

shift	work	(e.g.	current	shift	work	status	and	previous	years	of	exposure)	may	affect	cortisol	

differently.	It	is	still	unclear	how	shift	work	entirely	affects	cortisol,	although	there	is	evidence	that	

working	night	shifts	changes	cortisol	production	by	altering	the	quantity	of	cortisol	produced	and	

the	diurnal	pattern.41	This	thesis	focuses	on	current	rotating	shift	work	status	since	our	past	

research	shows	that	night	work	among	shift	workers	is	associated	with	disruptions	in	diurnal	cortisol	

pattern	and	production	in	comparison	to	day	work.19	Since	this	thesis	focuses	primarily	on	current	

shift	work	status,	the	following	text	is	focused	on	reviewing	studies	of	the	association	between	

current	shift	work	status	and	cortisol,	including	the	effects	of	both	rotating	shift	work	and	non-day	

work	on	cortisol.	

In	general,	studies	on	the	relationship	between	shift	work	and	cortisol	to	date	have	small	

sample	sizes	and	heterogeneous	methodology.	In	addition,	the	measures	of	cortisol	and	operational	

definitions	of	shift	work	differ	between	studies.	Cortisol	parameters	that	are	typically	measured	

include	quantity	of	cortisol	production,	the	cortisol	awakening	response,	and	cortisol	pattern.	Since	

cortisol	awakening	response	was	not	analyzed	in	this	thesis,	only	findings	on	quantity	of	cortisol	

production	and	pattern	will	be	presented.	While	variation	in	cortisol	production	and	pattern	are	

investigated	in	this	thesis,	no	study	could	be	found	that	examined	shift	work	and	day-to-day	cortisol	
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variation	with	a	quantitative	summary	measure.	Thus,	the	following	text	synthesizes	the	findings	of	

the	effect	of	shift	work	on	quantity	of	cortisol	production	and	pattern	only.	

The	effect	of	current	shift	work	status	on	quantity	of	cortisol	production	

Studies	comparing	shift	workers	to	day	workers	suggest	that	working	non-day	shifts	may	

disrupt	the	quantity	of	cortisol	produced.	A	previous	analysis	of	the	cortisol	measures	from	our	

cross-sectional	study	of	328	female	hospital	employees	found	that	female	shift	workers’	24-hour	

cortisol	production	was	16.7%	lower	during	night	shift	cycles	compared	to	day	shift	cycles	in	day	

workers.19	However,	there	was	no	difference	in	24-hour	production	during	day	shift	cycles	when	

comparing	day	workers	and	shift	workers.19	Another	study	similarly	found	that	night	work	

diminishes	cortisol	production:	Kudielka	et	al.	(2007)	studied	the	effect	of	various	work	patterns	

among	118	electronic	manufacturing	workers	(37%	female)	in	Germany	and	found	that	the	average	

quantity	of	cortisol,	measured	over	a	16-hour	period,	was	lower	during	night	shifts	in	comparison	to	

morning	or	evening	shifts.21	This	study	also	found	that	two	months	after	some	participants	switched	

from	day	schedules	to	shift	work	schedules,	the	total	cortisol	production	during	non-day	shifts	was	

less	attenuated,	suggesting	that	workers	may	develop	a	tolerance	to	shift	work.21	Bostock	and	

Steptoe	(2013)	found	similar	results	in	a	study	of	30	male	pilots	using	six	saliva	samples	taken	from	

time	of	awakening	to	bedtime.49	They	reported	that	afternoon	shifts	(starting	at	12:00	hours)	were	

associated	with	attenuated	24-hour	cortisol	production	relative	to	earlier	shifts.49	However,	this	

study	was	limited	due	to	its	small	sample	size.	Collectively,	these	studies	suggest	that	non-day	shifts	

attenuate	quantity	of	cortisol	production.		

However,	not	all	studies	support	lower	cortisol	production	during	non-day	shift	work.	Charles	

et	al.	(2016)	found	no	association	between	shift	work	and	24-hour	cortisol	production.22	Once	

controlling	for	individual	differences,	they	found	that	male	and	female	police	officers	(n=319,	22%	

female)	had	no	change	in	24-hr	cortisol	production	during	night	shifts	compared	with	work	in	
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afternoon	and	day	shifts.22	While	this	study	has	a	larger	sample	size	than	most	observational	studies	

examining	the	relation	between	shift	work	and	cortisol,	the	start	times	for	shifts	were	highly	

variable.22	Night	shifts	were	considered	shifts	that	started	anytime	between	20:00	and	03:00,	and	a	

shift	could	include	two	time	periods	(i.e.	both	an	afternoon	and	night	period).22	This	variability	in	

shift	times	and	schedule	for	police	officers	could	have	resulted	in	non-differential	misclassification,	

biasing	the	true	effect	towards	the	null	value.	

In	addition,	Manenschijin	et	al.	(2011)	found	that	exposure	to	shift	work	is	associated	with	

elevated	levels	of	long-term	cortisol	in	younger	shift	workers	working	rotating	morning,	afternoon	

and	night	shifts.50	In	a	cross-sectional	study	of	122	male	workers	(33	shift	workers	and	89	day	

workers),	they	found	that	male	shift	workers	who	were	younger	than	40-years	had	almost	two	times	

the	amount	of	cortisol	(measured	in	hair)	than	day	workers	under	40-years	(48.53pg/mg	hair	vs.	

24.42pg/mg	hair,	respectfully,	p<0.01).50	However,	there	was	no	difference	in	hair	cortisol	in	day	

workers	and	shift	workers	40-years	or	older.50	This	study	used	cortisol	measured	in	hair,	a	method	

that	measures	chronic	cortisol	production	over	about	a	three-month	period.	However,	these	results	

are	not	generalizable	to	females	since	only	male	workers	were	used.		

While	the	evidence	is	conflicting,	these	studies	indicate	that	cortisol	production	is	disrupted	

by	shift	work.	Collectively,	studies	with	adequate	power	and	sample	size	suggest	that	non-day	shifts	

attenuate	cortisol	production.	However,	more	accurate	and	complete	cortisol	measures,	larger	

studies,	and	an	improved	assessment	of	potential	confounders	are	required	to	validate	these	

findings	in	women.			

The	effect	of	current	shift	work	status	on	cortisol	pattern	of	production	

Studies	generally	support	an	association	between	shift	work	and	a	flattened	cortisol	pattern.	

Previous	research	on	our	cross-sectional	study	of	328	female	hospital	employees	found	that	female	

shift	workers	had	a	flatter	24-hour	cortisol	pattern	during	night	shift	cycles	compared	to	day	shift	
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cycles	in	day	workers.19	Moreover,	the	diurnal	pattern	of	shift	workers	during	day	shift	cycles	was	

more	pronounced	in	comparison	to	day	workers.19	These	results	indicate	that	diurnal	cortisol	

pattern	in	both	day	and	night	shifts	is	disrupted	in	female	shift	workers	in	comparison	day	workers.	

A	similar	finding	was	also	supported	in	a	study	of	male	healthcare	employees.	Mirick	et	al.	(2013)	

found	that	24-hour	cortisol	curves	were	flatter	in	night	shift	workers	compared	to	day	workers	

during	work	days	(n=185	and	157	respectively).20	In	addition,	this	finding	has	been	supported	in	

workers	with	highly	variable	shift	work	schedules:	once	controlling	for	individual	differences,	Charles	

et	al.	(2016)	found	that	police	officers	(n=319,	78%	male)	had	flatter	cortisol	curves	during	night	

shifts	when	compared	with	afternoon	and	days	shifts.22	Night	shifts	were	considered	shifts	that	

started	anytime	between	20:00	and	03:00,	and	shifts	could	include	2	time	periods	(i.e.	both	an	

afternoon	and	night	period).22	Even	with	highly	variable	shift	start	times	and	shift	periods	(and	

potential	non-differential	misclassification	in	the	exposure),	night	shift	work	was	associated	with	a	

flatter	diurnal	pattern.22	

There	is	also	evidence	that	cortisol	patterns	are	flattened	in	shift	workers	during	non-work	

days.	Unlike	previous	studies,	Wong	et	al.	measured	cortisol	on	non-work	in	21	Canadian	

paramedics	(14	rotating	shift	workers,	7	day	workers).51	Wong	et	al.	(2012)	observed	that	the	

average	diurnal	pattern,	measured	through	slope	of	the	24-hour	cortisol	curve,	was	flatter	in	

rotating	shift	workers	than	day	workers	during	a	non-work	day.51	However,	they	also	found	that	

diurnal	pattern	was	flattened	during	day	shifts,51	which	is	contradictory	to	what	our	previous	study	

found.19	This	difference	is	likely	explained	by	a	smaller	sample	size.	In	addition,	they	failed	to	fully	

capture	cortisol	in	rotating	shift	workers	as	they	did	not	measure	cortisol	production	during	night	

shifts.51		

Recent	research	also	suggests	that	this	disruption	in	cortisol	pattern	can	be	reversed.	A	two-

year	prospective	study	randomly	assigned	62	female	nurses	to	either	work	a	rotating	shift	schedule	
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(night	and	day	shifts)	or	day	shifts.52	Cortisol	pattern	(using	slope	of	the	cortisol	curve)	was	then	

assessed	on	consecutive	working	nights	and	days	off.	Night	shift	groups	had	flattened	cortisol	

patterns	during	night	work	in	comparison	to	day-shift	groups	until	the	fifth	workday,	suggesting	that	

nurses	working	consecutive	night	shifts	require	at	least	four	days	to	adjust	their	circadian	cortisol	

secretion.52	During	days	off,	differences	in	pattern	between	day	and	night	shift	groups	disappeared	

on	the	second	day	off,	indicating	that	night	shift	nurses	may	require	at	least	two	days	off	to	restore	

their	circadian	rhythm	of	cortisol.52	Overall,	the	evidence	collectively	supports	that	shift	work	during	

nights	is	related	to	flattened	cortisol	pattern,	and	that	disruption	in	cortisol	pattern	can	be	reversed	

in	females	working	rotating	shifts.	

While	evidence	to	date	generally	supports	that	shift	work	disrupts	cortisol,	the	evidence	is	

contradictory.	Studies	with	larger	sample	sizes	suggest	that	quantity	of	cortisol	production	is	

attenuated	during	non-day	shifts,	and	cortisol	patterns	are	flattened	during	non-day	work.	However,	

it	is	still	unclear	how	cortisol	production	and	pattern	change	long-term,	and	how	specific	shift	work	

patterns	may	affect	cortisol	differently.	In	addition,	it	remains	unclear	how	shift	work	affects	cortisol	

patterns	on	off-days.	Most	study	sample	sizes	are	likely	underpowered,	and	studies	differ	in	shift	

work	patterns	and	vary	in	methods	for	measuring	cortisol.	Future	studies	with	larger	sample	sizes	

and	systematic	measurements	of	cortisol	are	needed	to	provide	stronger	evidence.	Future	studies	

should	continue	to	investigate	the	effect	of	specific	shift	work	parameters	on	cortisol,	such	as	

intensity	of	shift	work	schedules	and	length	of	shift	times.	In	addition,	future	studies	should	consider	

investigating	male	and	females	separately,	since	there	is	evidence	that	males	and	females	differ	in	

cortisol	production	and	pattern.53,54	

2.3.3	Potential	mechanisms	of	cortisol	disruption	by	shift	work		

As	discussed	earlier,	the	diurnal	pattern	of	cortisol	and	the	quantity	produced	by	the	HPA	axis	

is	regulated	by	different	regulatory	mechanisms,	such	as	sleep-wake	cycles,	a	negative	feedback	
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loop,	and	light-dark	cycles.	Shift	work	is	hypothesized	to	disrupt	cortisol	by	interfering	with	these	

mechanisms.55,56	Irregular	sleep-wake	cycles	during	non-day	shifts,	especially	during	night	work,	can	

lead	to	a	phase	shift	of	the	cortisol	curve,	since	the	CAR	occurs	upon	awakening	regardless	of	clock	

time.57,58	In	addition,	there	is	evidence	that	changes	in	sleep	influences	circadian	rhythmicity.	

Experimental	studies	in	humans	have	found	that	sleep	restriction	and	alterations	in	sleep-wake	

cycles	cause	changes	in	the	expression	of	circadian	genes.59–61	These	changes	include	a	reduction	in	

the	circadian	regulation	of	transcription	and	translation	genes,	and	reduction	in	clock	genes	in	the	

periphery.56	It	is	thought	that	sleep	restriction	and	disruptions	in	the	entrainment	of	the	circadian	

rhythm	can	further	alter	food	intake,	change	patterns	of	hormones	such	as	cortisol,	and	alter	

metabolic	function.40,56,62,63	Moreover,	experimental	studies	have	shown	that	glucocorticoids	such	as	

cortisol	partially	entrain	circadian	clock	genes	in	the	periphery	of	the	body.46,64	This	indicates	that	

cortisol	independently	plays	a	role	in	regulating	the	circadian	rhythm	throughout	the	body.64	

Another	potential	mechanism	is	the	disruption	of	normal	light-dark	cycles	when	shift	workers	

are	exposed	to	ambient	light	during	night	work.	Jung	et	al.	(2010)	demonstrated	that	exposure	to	

light	at	night	attenuates	cortisol	secretion	in	20	healthy	men	and	women.65	They	found	that	bright	

light	exposure	(~10,000	lux;	equivalent	to	ambient	light)	reduced	cortisol	levels,	while	dim	light	(~3	

lux)	had	little	effect.65		While	it	was	the	first	study	to	experimentally	assess	the	effect	of	light	at	night	

on	cortisol,	the	results	need	to	be	validated	in	a	larger	sample	due	to	the	small	sample	size.	This	

finding	of	an	acute	suppressive	effect	of	bright	light	on	cortisol	is	a	potential	explanation	for	the	

attenuation	of	cortisol	production	found	during	non-day	shifts.	In	addition,	chronic	shift	work	may	

disrupt	the	negative	feedback	loop,	resulting	in	chronic	alterations	in	cortisol	production	or	

pattern.66	Lastly,	stress	from	shift	work	is	also	a	potential	mechanism,	as	chronic	stress	from	job	

strain	has	been	shown	to	dysregulate	the	HPA-axis.51,66				
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It	is	likely	that	disruption	of	cortisol	by	shift	work	is	a	result	of	many	factors,	and	is	therefore	

multifactorial.	Cortisol	is	known	to	have	widespread	effects	across	the	body.	Processes	and	

molecular	pathways	associated	with	these	disruptions	include	metabolism,	immune	function,	

inflammatory	and	stress	response,	and	other	molecular	mechanisms	underlying	the	established	

adverse	health	outcomes	such	as	metabolic	syndrome.46,67	A	more	detailed	look	into	how	cortisol	

disruption	may	cause	cardiometabolic	disturbances	is	discussed	in	Section	2.4.2.		

2.4	Cortisol	and	Cardiometabolic	Risk	

As	outlined	in	Section	2.3,	there	is	evidence	to	suggest	that	shift	work	is	associated	with	

disruptions	in	cortisol	production.	It	is	hypothesized	that	disruptions	in	cortisol	may	contribute	to	

cardiometabolic	risk	and	CVD	development.68	Changes	in	cortisol	can	impact	CVD	risk	due	to	its	

widespread	effects	on	metabolic	and	neuroendocrine	process	in	the	body.67		

2.4.1	Cortisol	and	cardiometabolic	outcomes:	current	evidence	

Studies	investigating	the	association	between	cortisol	production	and	cardiometabolic	risk	

have	mixed	results;	there	is	conflicting	evidence	as	to	whether	cortisol	production	contributes	to	

risk.	The	following	text	synthesizes	the	findings	of	the	relation	between	quantity	of	cortisol	

production,	cortisol	pattern	and	cardiometabolic	outcomes.	While	variation	in	cortisol	production	

and	pattern	are	investigated	in	this	thesis,	no	studies	could	be	found	that	examined	day-to-day	

cortisol	variation	and	cardiometabolic	risk	with	a	quantitative	summary	measure.	Thus,	the	

following	text	synthesizes	the	findings	of	the	relation	between	quantity	of	cortisol	production,	

pattern	and	cardiometabolic	outcomes.	

Quantity	of	cortisol	production	quantity	and	cardiometabolic	outcomes	

There	is	evidence	that	a	lower	quantity	of	cortisol	production	is	associated	with	a	higher	

cardiometabolic	risk.	Studies	from	the	Multi-Ethnic	Study	of	Atherosclerosis	(MESA)	cohort	in	the	US	

indicate	that	lower	cortisol	production	is	associated	with	metabolic	syndrome,	BMI,	visceral	obesity,	
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and	insulin	resistance.	In	the	MESA	cohort,	participants	were	asked	to	collect	up	to	18	saliva	cortisol	

samples	over	a	three	day	period,	and	24-hr	cortisol	production	was	measured	using	area	under	the	

curve	(AUC).69	DeSantis	and	colleagues	(2014)	found	that	24-hr	AUC	was	attenuated	in	adults	

(n=726)	with	metabolic	syndrome	compared	to	adults	without	metabolic	syndrome.69	They	also	

found	that	as	number	of	metabolic	syndrome	components	increased,	the	24-hr	AUC	decreased	(β=-

290,	95%	CI:	-385,	-34).69	No	association	was	found	between	a	metabolic	syndrome	z-score	and	

cortisol	production.69	One	explanation	for	no	association	is	due	to	the	use	of	a	single	metabolic	risk	

z-score	formula	for	both	male	and	females.	Past	research	has	suggested	that	separate	metabolic	risk	

scores	should	be	used	for	males	and	females	since	males	and	females	have	been	shown	to	have	

differing	risks	of	metabolic	syndrome.32	Furthermore,	decreased	production	of	cortisol	is	associated	

with	cardiometabolic	components.	Using	the	same	MESA	cohort,	Joseph	and	colleagues	(2015)	

found	that	AUC	was	associated	with	a	7.9%	lower	(95%	CI:	-14.6,	-0.6)	log	HOMA-IR,	an	indicator	of	

insulin	resistance,	in	non-diabetic	participants.70	Champaneri	and	colleagues	(2013)	investigated	the	

relationship	between	cortisol	production	collected	over	3-days	and	measurements	of	BMI	and	waist	

circumference	in	1,002	multi-ethnic	adults	in	the	US.	They	found	that	total	cortisol	production	was	

negatively	correlated	with	BMI	and	visceral	obesity.71	All	studies	using	the	MESA	cohort	were	

strengthened	by	its	rigorous	cortisol	sampling	protocol	where	multiple	saliva	samples	were	taken	

over	a	three-day	period,	allowing	for	a	more	accurate	determination	of	each	participant’s	cortisol	

production.		

In	addition,	Ragnarasson	and	colleagues	(2015)	found	a	similar	finding	in	a	cross-sectional	

study	of	348	Swedish	men	and	women:	lower	24-hr	urinary	free	cortisol	trended	towards	a	higher	

risk	of	metabolic	syndrome,	although	this	association	was	of	“borderline”	statistical	significance	

(p=0.07).72	This	analysis,	however,	did	not	adjust	for	confounders	such	as	age.		
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Some	studies	show	different	results.	Stalder	and	colleagues	(2013)	assessed	hair	cortisol	and	

metabolic	syndrome	criteria	in	1,258	employees	at	an	engineering	company	(15.2%	female).73	Hair	

cortisol	is	a	marker	of	chronic	stress,	in	comparison	to	other	cortisol	measures	that	measure	daily	

production.	They	found	that	hair	cortisol	was	correlated	positively	with	BMI	and	waist	

circumference,	and	the	highest	quartile	of	hair	cortisol	was	associated	with	2.7-fold	increase	in	odds	

of	metabolic	syndrome	(95%	CI:	1.85,	3.95).73	This	finding	suggests	that	long-term	cortisol	

production	over	a	three-month	period	is	associated	with	an	increased	risk	of	metabolic	syndrome.	

Kuehl	and	colleagues	(2015)	reported	a	similar	finding	in	85	individuals	(64%	female)	in	Germany	

where	those	in	the	highest	tertile	of	hair	cortisol	had	more	metabolic	syndrome	components	(mean	

of	2.2)	in	comparison	to	those	in	the	lowest	tertile	(mean	of	1.1,	p=0.04).74	However,	this	study	did	

not	adjust	for	important	confounders	such	as	age	and	use	of	hair	treatments,	and	was	

underpowered	due	to	its	small	sample	size.74		

There	is	little	evidence	that	assesses	the	prospective	relationship	between	prior	cortisol	

disruption	and	cardiometabolic	outcomes.	Vogelzangs	et	al.	(2010)	took	24-hour	urinary	cortisol	

from	861	individuals	(54.8%	women),	and	followed	them	for	a	period	of	6	years.75	They	found	that	

persons	in	the	highest	tertile	of	24-hr	cortisol	had	a	5-times	increased	risk	of	dying	of	CVD	(HR:	5.00,	

95%	CI:	2.02,	12.37).75	In	contrast,	Ockenburg	et	al.	(2016)	found	no	relationship	between	24-hour	

urinary	free	cortisol	taken	6	years	prior	and	development	of	CVD	events	in	the	Netherlands.76	

However,	they	controlled	for	risk	factors	such	as	diabetes,	hypertension,	BMI,	and	hyperlipidemia,	

which	are	cardiometabolic	risk	factors	that	are	captured	in	the	outcome	of	interest,	and	thus	lie	on	

the	causal	pathway.	

Overall,	the	evidence	suggests	that	quantity	of	cortisol	is	disrupted	in	individuals	with	

cardiometabolic	outcomes,	with	stronger	evidence	for	the	impact	of	diminished	cortisol	production.	

It	could	be	that	daily	disruption	in	cortisol	production	and	pattern	may	contribute	to	chronic	
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elevations	in	cortisol	secretion,	as	seen	through	hair	measured	cortisol.	However,	no	studies	have	

examined	day-to-day	cortisol	variation	and	its	effect	on	chronic	cortisol	production.	In	general,	more	

longitudinal	studies	with	larger	sample	sizes,	and	studies	that	focus	solely	on	women	are	needed	to	

see	if	this	finding	is	supported.	

Cortisol	pattern	and	cardiometabolic	outcomes	

Studies	have	investigated	the	relationship	between	cortisol	pattern	and	cardiometabolic	

outcomes	have	produced	conflicting	results.	In	a	study	previously	mentioned	using	the	MESA	

cohort,	DeSantis	et	al.	(2014)	found	that	cortisol	pattern	was	not	associated	with	metabolic	

syndrome,	a	metabolic	summary	score,	or	the	number	of	components	of	metabolic	syndrome.69	A	

similar	result	was	found	when	investigating	cortisol	pattern	and	the	metabolic	components	waist	

circumference	and	insulin	resistance	using	the	same	MESA	cohort.70,71	Two	separate	studies	(that	

were	previously	mentioned)	found	that	cortisol	pattern	was	not	associated	with	BMI,	waist	

circumference	or	HOMA-IR.70,71	As	mentioned	before,	the	MESA	cohort	studies	were	strengthened	

by	the	use	of	a	rigorous	cortisol	sampling	period	over	a	three-day	period,	and	these	studies	had	a	

larger	sample	size	than	most	studies	investigating	the	relation	between	cortisol	and	cardiometabolic	

risk.	

	 In	contrast,	a	cross-sectional	study	in	Spain	of	70	women	found	that	a	flatter	cortisol	pattern	

was	associated	with	the	presence	of	metabolic	syndrome.77	However,	the	measurement	of	cortisol	

pattern	was	limited	to	two	measurements:	morning	and	bedtime.	Corbalan-Tutau	et	al.	(2014)	

estimated	the	pattern	as	the	ratio	of	salivary	cortisol	concentration	in	the	morning	(09:00	hr)	to	

bedtime	(23:00	hr).77	This	measurement	fails	to	capture	fluctuations	in	cortisol	pattern	throughout	

the	day,	in	comparison	to	other	methods	used	to	capture	cortisol	pattern.41,78	In	addition,	it	is	

unclear	whether	this	measurement	is	valid	in	characterizing	cortisol	pattern.		

There	is	also	some	evidence	of	a	prospective	relationship.	A	prospective	cohort	study	(the	
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Whitehall	II	Study),	followed	4,047	individuals	over	a	4	to	6-year	period.	Six	saliva	samples	were	

obtained	at	baseline,	and	were	obtained	over	the	course	of	a	normal	weekday.79	They	found	that	

flatter	slopes	in	cortisol	decline	were	associated	with	an	increased	risk	of	CVD	deaths	(HR:	1.87	per	1	

SD	reduction	in	slope,	95%	CI:	1.32,	2.64).79	This	was	the	first	prospective	study	to	investigate	

cortisol	and	CVD	risk,	and	it	is	strengthened	by	its	large	sample	size	in	comparison	to	cross-sectional	

studies.	However,	cortisol	levels	were	only	observed	on	one-day,	and	may	not	capture	regular	

cortisol	levels,	or	changing	cortisol	levels	over	the	follow-up.	Further,	a	flattened	cortisol	pattern	has	

been	associated	with	an	increased	risk	of	impaired	glucose.	In	the	Whitehall	II	Study,	3,270	

individuals	(16%	female)	took	6	saliva	cortisol	samples	over	one-day	at	baseline,	and	were	followed	

up	for	8-10	years.80	Hackett	et	al.	(2016)	found	that	a	flattened	diurnal	cortisol	slope	at	baseline	was	

predictive	of	future	impaired	fasting	glucose	or	diabetes	at	follow-up	(OR:	1.12,	95%	CI:	1.02,	1.22).80	

Although	cortisol	was	only	measured	for	one	day	at	baseline,	this	was	the	first	study	to	investigate	

cortisol	and	glucose	disturbances	prospectively.		

Overall,	the	evidence	linking	cortisol	pattern	and	cardiometabolic	outcomes	is	mixed.	Cross-

sectional	studies	suggest	that	cortisol	pattern	is	not	associated	with	a	higher	cardiometabolic	risk.	

However,	two	prospective	studies	suggest	that	diurnal	pattern	earlier	in	life	is	associated	with	

adverse	cardiometabolic	outcomes	such	as	impaired	glucose	and	CVD.	Further	studies,	particularly	

prospective,	with	large	sample	sizes	and	complete	measures	of	cortisol	pattern	are	warranted,	and	

more	studies	among	women	are	needed	to	validate	these	findings.	

While	there	is	evidence	to	date	that	supports	the	relation	between	disrupted	cortisol	and	

cardiometabolic	outcomes,	the	evidence	is	conflicting.	Studies	are	limited	by	heterogeneous	

measurements	of	cortisol	and	smaller	sample	sizes.	Most	studies	only	measure	cortisol	at	one	point	

in	time	due	to	the	cross-sectional	nature	of	the	study,	and	cannot	assess	issues	of	temporality.	In	

addition,	most	studies	do	not	consider	men	and	women	separately,	even	though	cortisol	patterns	
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and	cardiometabolic	risk	are	known	to	differ	between	men	and	women.81	Further	research	should	

consider	investigating	the	relationship	using	prospective	studies,	and	consider	sex	as	an	effect	

modifier.	

Further,	the	association	between	shift	work,	cortisol	and	cardiometabolic	risk	is	still	unknown.	

One	study	was	found	exploring	the	relation	between	shift	work,	cortisol	production	and	

cardiometabolic	risk	factors	in	male	truck	drivers.82	Ulhoa	et	al	(2011)	found	that	cortisol	levels	were	

positively	correlated	with	cholesterol,	triglycerides,	and	negatively	correlated	with	high-density	

lipoprotein	(HDL)	(p<0.05)	in	42	truck	drivers	working	rotating	shifts.82	Moreover,	no	correlation	

between	cortisol	levels	and	metabolic	components	was	found	in	truck	drivers	that	are	day	

workers.82	We	were	unable	to	find	any	study	that	thoroughly	investigated	the	relationship	between	

cortisol	and	cardiometabolic	risk	in	shift	workers;		therefore	supporting	the	rationale	for	this	study.				

2.4.2	Role	of	cortisol	production	and	pattern	in	development	of	cardiometabolic	risk	

As	discussed	previously,	disrupted	cortisol	is	associated	with	a	higher	cardiometabolic	risk.	

However,	it	is	unclear	whether	it	is	attenuation	or	amplification	of	cortisol	production	that	

contributes	to	risk.	Cortisol	exerts	a	multitude	of	effects	on	the	body,	including	roles	in	glucose	and	

free	fatty	acid	metabolism,	the	autonomic	nervous	system,	the	inflammatory	system,	and	sex	and	

growth	hormones.46,67	Disruption	in	the	regulation	of	cortisol	is	likely	to	lead	to	dysfunction	of	these	

systems.	It’s	hypothesized	that	dysregulation	of	the	HPA	axis	results	could	lead	to	disruption	in	the	

regulation	of	cortisol,	which	therefore	has	widespread	effects	on	metabolic	and	neuroendocrine	

processes	in	the	body.67	Experimental	and	animal	studies	indicate	that	elevated	cortisol	has	a	direct	

effect	on	metabolic	processes	in	the	body.	Elevated	cortisol	can	lead	to	decreased	insulin	secretion,	

increased	adipose	tissue,	decreases	in	cholesterol,	and	hyperlipidemia.83–85	Few	studies	have	

focused	on	the	effects	of	attenuated	cortisol	on	metabolic	processes,	although	it	is	hypothesized	

that	changes	in	cortisol,	either	diminished	or	elevated,	may	have	harmful	effects	on	cardiometabolic	
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health.	Cortisol	production	likely	has	a	role	in	the	atherogenic	development	of	CVD,	and	has	been	

linked	to	coronary	calcification,	a	higher	number	of	carotid	plaques,	and	other	measures	of	

subclinical	atherosclerosis.86–88	

	In	shift	workers,	it	is	hypothesized	that	circadian	misalignment	due	to	night	shifts	may	

dysregulate	the	HPA	axis,	causing	physiological	changes	conducive	to	the	development	of	CVD.	

There	is	evidence	from	experimental	studies	that	circadian	misalignment	may	cause	adverse	

changes	to	cardiometabolic	health.89,90	In	an	experimental	study	of	14	healthy	individuals	(43%	

female),	participants	underwent	two	experimental	conditions:	one	where	they	had	a	similar	day	

schedule	(i.e.	sleep	during	the	night,	awake	during	the	day),	and	another	where	their	sleep	and	

wake	schedules	were	inverted	(i.e.	sleep	during	the	day,	awake	during	the	night)	to	misalign	their	

circadian	rhythms.89	After	the	short-term	circadian	misalignment	due	to	the	inverted	sleep-wake	

cycle,	increases	in	blood	pressure,	glucocorticoids,	and	inflammatory	markers	were	seen.89	Although	

the	study	is	likely	underpowered	due	to	the	small	sample	size,	it	suggests	that	disruption	of	

circadian	processes,	such	as	cortisol,	may	play	a	role	in	CVD	development.		

2.5	Potential	Confounders	

Confounders	can	affect	the	relationship	between	shift	work,	cortisol	and	cardiometabolic	risk.	

In	mediation	analysis,	a	confounder	is	considered	any	variable	that	confounds	the	relationship	

between	the	predictor	and	outcome	(shift	work	and	cardiometabolic	risk),	confounds	the	

relationship	between	the	predictor	and	mediator	(shift	work	and	cortisol),	or	confounds	the	

relationship	between	the	mediator	and	outcome	(cortisol	and	cardiometabolic	risk).91	Figure	2.3	

summarizes	the	conceptual	framework	of	this	thesis.	
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Figure	2.3:	Conceptual	framework	of	the	relationship	between	shift	work,	cortisol,	and	cardiometabolic	risk	
(CMR).	

	
Traditionally,	a	confounder	must	meet	the	following	3	conditions:	1)	a	risk	factor	for	the	

outcome,	2)	independently	associated	with	the	exposure,	and	3)	is	not	an	intermediate	step	in	the	

causal	pathway	between	the	exposure	and	outcome.92		Unfortunately,	some	studies	investigating	

the	link	between	shift	work	and	cardiometabolic	risk	inaccurately	control	for	confounders	that	likely	

lie	on	the	causal	pathway,	such	as	sleep	and	unhealthy	behaviors.	In	addition,	some	studies	

incorrectly	control	for	biologic	risk	factors	such	as	abnormal	lipids,	hypertension,	and	obesity	that	

are	captured	in	the	outcome	of	interest	(and	therefore	lie	on	the	causal	pathway).	In	this	thesis,	only	

confounders	that	are	known	not	to	be	on	the	causal	pathway	will	be	considered.	

Age	

Age	is	associated	with	changes	in	both	cortisol	production	and	shift	work	patterns.	Many	

studies	have	shown	that	increasing	age	is	associated	with	increases	in	cortisol	production	and	a	

flatter	diurnal	curve.93,94	In	addition,	older	workers	are	shown	to	work	more	day	shifts	and	less	

intense	schedules	in	comparison	to	younger	shift	workers.95,96	This	trend	was	shown	in	a	population	

of	nurses,	which	comprise	the	majority	of	our	sample.96	The	Nurse’s	Health	Study	(n=54,724)	found	
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that	older	nurses	are	more	likely	to	participate	in	day	work	than	shift	work	(80%	of	nurses	older	than	

45	versus	44.6	%	between	20-25).96	This	would	imply	that	shift	workers	may	have	a	lower	mean	age,	

and	lower	cortisol	levels	than	day	workers.	Further,	the	association	between	age	and	CVD	has	been	

well	established.	Past	studies	have	found	that	older	age	is	a	strong	risk	factor	for	CVD	and	metabolic	

syndrome.97,98	Therefore,	age	is	an	important	confounder	to	adjust	for	when	considering	the	

relationship	between	shift	work,	cortisol	and	cardiometabolic	risk.			

Education	

Education	is	a	commonly	used	proxy	for	socioeconomic	status	(SES).99	Socioeconomic	status	is	

a	construct	that	conceptualizes	an	individual’s	ability	to	access	resources	such	as	money,	power,	

material	goods,	education,	and	social	networks.99	There	is	no	gold	standard	for	how	to	measure	SES,	

but	it	is	commonly	conceptualized	and	measured	by	income	or	wealth,	education,	and	occupation.	

In	Canada,	shift	workers	are	more	likely	to	have	a	lower	household	income	and	no	post-secondary	

education	in	comparison	to	day	workers.100		However,	it	is	unclear	if	this	association	is	still	apparent	

when	comparing	shift	workers	to	day	workers	in	the	health	care	industry,	particularly	in	nurses,	

since	most	health	care	jobs	require	a	post-secondary	education.	Lower	SES	is	also	associated	with	

higher	cortisol	levels,	which	could	be	due	to	lower	SES	acting	as	a	stressor.101	In	addition,	SES	is	a	

known	risk	factor	for	CVD	and	metabolic	syndrome.102,103	Thus,	it	is	hypothesized	that	SES	may	

confound	the	relationship	between	shift	work,	cortisol	and	cardiometabolic	risk.			

Menopausal	Status		

Menopause	has	been	shown	to	be	a	strong	risk	factor	for	CVD	and	cardiometabolic	risk.	

Women	who	are	post-menopausal	(i.e.	have	gone	through	menopause)	have	a	higher	risk	of	

metabolic	syndrome	and	CVD-related	diseases	due	to	changes	in	estrogen.104,105	In	addition,	it	is	

hypothesized	that	shift	workers	are	less	likely	to	be	post-menopausal.	As	mentioned	previously,	the	

Nurse’s	Health	Study	(n=54,724)	found	that	older	nurses	are	more	likely	to	participate	in	day	work	
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than	shift	work.96	Since	nurses	comprise	the	majority	of	our	sample,	shift	workers	may	be	younger,	

and	thus	more	likely	to	be	pre-menopausal	in	comparison	to	day	workers.	There	is	also	evidence	

during	menopausal	transition	and	post-transition,	women	have	increased	levels	of	cortisol	due	to	

changes	in	the	hypothalamic-pituitary-ovarian	axis.106	Since	menopausal	status	has	been	associated	

with	the	outcome,	predictor	and	mediator,	it	will	be	considered	as	a	potential	confounder.	

Caffeine	

Regular	and	moderate	caffeine	intake	is	associated	with	elevated	cortisol	levels,	even	in	

individuals	who	consume	caffeine	on	a	regular	basis.107,108	Consumption	of	caffeine	acutely	increases	

cortisol	levels,	and	can	change	diurnal	cortisol	patterns	with	chronic	caffeine	exposure.107,108	

Caffeine	is	also	linked	with	shift	work.109	Female	nurse	shift	workers	who	work	nights	have	been	

found	to	consume	more	caffeine	than	workers	who	have	never	worked	night	shift	work.96	Since	

caffeine	consumption	is	associated	with	both	shift	work	and	cortisol,	it	is	a	potential	confounder	in	

the	predictor	to	mediator	pathway.	

Family	history	of	CVD	

CVD	has	a	known	genetic	and	environmental	component,	and	individuals	are	at	a	higher	risk	

for	developing	CVD	if	a	first-degree	relative	has	suffered	a	heart	attack,	particularly	before	the	age	

65.110	In	addition,	having	a	family	history	of	CVD	is	also	associated	with	an	increased	risk	of	

metabolic	syndrome.111	While	it	is	unclear	whether	family	history	of	CVD	is	associated	with	shift	

work,	many	studies	in	the	past	investigating	shift	work	and	CVD	risk	have	controlled	for	family	

history.3,7,9	Due	to	its	strong	association	with	the	outcome	of	cardiometabolic	risk	and	unknown	

association	with	shift	work,	family	history	of	CVD	will	be	tested	as	a	confounder	in	our	analysis.	

2.6	Rationale	and	Objectives	

There	is	strong	evidence	suggesting	that	shift	work	is	a	risk	factor	for	both	CVD	and	

cardiometabolic	risk.	There	is	also	evidence	to	suggest	that	shift	work	is	associated	with	disrupted	
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cortisol,	although	the	evidence	as	to	how	cortisol	is	disrupted	is	conflicting.	In	our	previous	research,	

we	found	that	shift	work	is	associated	with	lower	diurnal	cortisol	production	and	flatter	patterns	on	

night	shifts.	However,	it	is	still	unclear	if	cortisol	disruption	acts	as	one	of	the	underlying	biological	

mechanisms	in	the	pathway	between	shift	work	and	cardiometabolic	risk.	Evidence	to	date	is	limited	

by	poor	quality	studies	that	have	small	sample	sizes	and	a	lack	of	systematic	measurement	of	all	

cortisol	parameters,	which	makes	it	difficult	to	determine	clear	associations.	To	fully	understand	and	

analyze	cortisol	as	an	intermediate	in	the	pathway	linking	shift	work	to	cardiometabolic	risk,	we	

must	test	cortisol	as	a	mediator.	This	will	be	the	first	study	to	thoroughly	investigate	the	relationship	

between	shift	work,	cortisol,	and	cardiometabolic	risk.	Since	shift	work	is	a	necessary	component	of	

healthcare,	it	is	important	to	understand	the	possible	mechanisms	through	which	shift	work	

influences	the	development	of	cardiometabolic	risk.	Understanding	this	pathway	will	help	to	

elucidate	potential	targets	for	evidence-based	interventions	and	healthy	workplace	policies	to	help	

minimize	the	health	risks	associated	with	shift	work.	In	addition,	given	the	majority	of	healthcare	

workers	are	female112	and	females	have	differing	cardiometabolic	risk	than	males81,	it	is	important	

to	study	these	potential	mechanisms	among	women.		
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Chapter	3 	
	

Methods	

	
3.1	Objectives	

The	objective	of	this	thesis	is	to	determine	whether	total	cortisol	production,	diurnal	pattern	

and	variation	in	cortisol	production	and	pattern	are	mediators	in	the	relationship	between	shift	

work	and	cardiometabolic	risk.	

3.2	Study	Population	

A	cross-sectional	study	entitled	Shift	Work	and	Cardiovascular	Risk	in	Working	Women	was	

conducted	at	Kingston	General	Hospital,	a	tertiary	acute-care	teaching	hospital	in	Southeastern	

Ontario	that	is	affiliated	with	Queen’s	University.	The	main	objectives	of	the	original	study	were	to	

assess	the	overall	and	individual	components	of	the	conceptual	pathway	linking	shift	work	to	CVD	

risk.	Participants	were	female	hospital	employees	recruited	on	a	voluntary	basis	between	

September	2011	and	February	2014	in	hospital	units	through	meetings	with	program	managers,	

direct	email	communication,	notices	on	hospital	intranet,	communication	boards,	and	staff	

meetings.	Women	who	were	currently	pregnant	or	who	had	given	birth	in	the	previous	year	and	

women	with	less	than	one	year	of	shift	work	history	were	asked	to	self-exclude.	There	were	no	

other	exclusionary	criteria.	In	total,	331	full-time	and	part-time	female	employees	were	included	

who	worked	either	fixed-day	schedules	or	rotating	shifts.	Of	the	331	participants	recruited,	four	

were	excluded	from	all	analyses	due	to	missing	data	on	cortisol	or	time	of	urine	collection,	and	one	

participant	was	excluded	due	to	an	extreme	outlier	in	fasting	blood	glucose.	The	final	sample	

consisted	of	326	female	hospital	employees;	166	were	rotating	shift	workers,	160	were	day	workers.	

Figure	3.1.	outlines	the	exclusion	of	participants.	Participants	included	staff	from	inpatient	units,	
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such	as	registered	nurses	and	patient	care	assistants,	as	well	as	laboratory,	diagnostic	and	support	

services	such	as	housekeeping	and	administration.	

	

Figure	3.1:	Study	participant	flow.	There	was	sufficient	data	from	166	shift	workers	and	160	day	workers	to	
calculate	at	least	one	summary	measure	of	24-hr	cortisol	production.	

	
3.3	Data	Collection		

331	women	were	initially	included	in	the	study.	All	participants	participated	in	a	clinical	

exam	and	completed	an	interview	and	standard	questionnaire	package	(see	Appendix	B).	The	

original	study	followed	participants	for	eight	days,	and	for	rotating	shift	workers	this	included	at	

least	two	night	shifts.	However,	urinary	samples	for	cortisol	were	only	collected	on	two	of	the	eight	

days.	The	following	sections	will	explain	the	data	collection	process	in	more	detail.	

3.3.1	Exposure:	Current	shift	work	measurement	

This	thesis	focused	on	a	participant’s	current	work	pattern.	Current	work	pattern	was	defined	

into	2	categories:	rotating	shift	work	and	day	workers.	All	information	on	current	shift	work	was	self-

reported	through	a	questionnaire.	Shift	work	status,	based	on	the	participant’s	work	pattern	at	the	
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time	of	study	entry,	was	defined	as	work	that	included	hours	between	12:00	AM	and	5:00	AM	(i.e.	

night	work).	Participants	had	to	be	in	a	rotating	shift	work	schedule	for	the	previous	3	months	prior	

to	be	considered	a	rotating	shift	worker.	Participants	were	known	to	be	either	exclusive	day-workers	

or	shift	workers	rotating	between	day	and	night	shifts.	Typical	shift	work	rotations	consisted	of	two	

consecutive	12-hour	day	shifts,	followed	by	two	consecutive	12-hour	night	shifts,	and	four	to	five	

days	off.	However,	women	often	traded	shifts	so	this	schedule	was	highly	variable.	Typically,	day	

workers	worked	five	consecutive	8-hour	shifts	per	day	starting	at	8:00	AM	or	9:00	AM,	followed	by	

two	days	off.		

3.3.2	Mediator:	Cortisol	measurement	

Cortisol	is	a	commonly	used,	robust	marker	for	HPA	axis-mediated	stress	responses.1,2	Cortisol	

can	be	measured	a	number	of	ways,	including	through	saliva,	serum,	hair,	and	urine.3	This	thesis	

used	urine-derived	cortisol	measures	over	a	24-hour	period.	While	urinary	cortisol	is	considered	

burdensome	and	invasive	for	participants,	it	was	best	suited	for	the	objective	of	this	thesis.	Urine	

cortisol	measures	the	biologically	active	form	of	cortisol	(i.e.	free	cortisol).3	There	is	no	gold	

standard	for	measuring	cortisol,	although	serum	cortisol	(i.e.	cortisol	measured	through	blood)	is	

the	most	commonly	used	method.4	However,	lab	studies	show	that	24-hr	urinary	cortisol	correlates	

well	with	mean	serum-free	cortisol.4	Hair	cortisol	was	not	used	because	of	its	complexity,	as	it	is	

difficult	to	control	factors	that	affect	cortisol	in	hair	such	as	hair	products	and	dyes.	Although	the	

original	study	also	measured	salivary	cortisol,	here	only	urine-derived	measures	are	analyzed	since	

more	samples	were	available,	allowing	for	a	more	accurate	representation	of	24-hour	cortisol	

production.	While	there	is	no	consensus	statement	on	how	to	measure	urinary	cortisol,	urinary	

cortisol	is	shown	to	be	effective	in	assessing	cortisol	responses	and	variation	in	a	24-hour	

measurement	period.5–7		
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Participants	were	asked	to	collect	midstream	urine	at	every	void	over	two	24-hour	cycles	and	

to	record	times	of	voids	(urine	specimen	collection	did	not	follow	a	sampling	schedule).	Day	workers	

collected	samples	during	two	cycles	with	day	shifts,	and	rotating	shift	workers	collected	samples	

during	a	cycle	with	a	day	shift,	and	cycle	with	a	night	shift.	The	night	shift	cycle	was	the	second	of	

two	consecutive	night	shifts.	Each	24-hour	cycle	included	one	work	shift,	and	the	collection	began	

after	awakening.	An	average	of	about	7	samples	were	collected	per	day.	Time	of	awakening	was	

recorded	in	a	sleep	diary,	and	verified	with	accelerometer	data	when	available.	Samples	were	

assayed	using	a	DiaMetra	urinary	“free”	cortisol	ELISA	kit	(sensitivity	of	2.0	ng/mL).	Differences	in	

volume	of	urinary	output	were	accounted	for	by	adjusting	each	urine	cortisol	sample	by	the	urine	

creatinine	concentration	from	the	same	sample	using	the	cortisol:creatinine	ratio.	Creatinine	was	

assayed	using	a	ParameterTM	Jaffe	reaction	(sensitivity	of	0.02	mg/dL).	Measures	of	cortisol	and	

creatinine	concentration	were	repeated	twice,	and	the	duplicate	values	were	compared	to	ensure	

that	the	assays	were	reliable.	An	external	quality	assurance	test	was	also	completed	by	comparing	

creatinine-adjusted	cortisol	values	to	an	established	range	for	females	above	18	years	of	age	

published	by	the	Mayo	Clinic.8	This	quality	control	measures	indicated	that	approximately	64%	of	

the	creatinine-adjusted	cortisol	measures	were	above	this	biologically	normal	threshold.	Further	

analysis	showed	that	this	discrepancy	was	due	to	measurement	error	from	the	assays.	

On	average,	participants	gave	their	first	sample	within	the	first	1.6	hours	of	waking	up,	and	

finished	collection	at	the	end	of	the	24-hour	period,	as	per	the	protocol.	Protocol	adherence	was	

similar	regardless	of	shift	work	status,	and	there	were	few	differences	between	the	average	time	

between	samples	and	number	of	samples	taken	per	day.	The	variation	in	protocol	adherence	

between	individuals	was	large,	however,	as	see	in	the	relatively	high	standard	deviations	(see	Table	

3.1).		
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Table	3.1:	Frequency	of	urine	sample	per	24-hr	cycle	by	current	shift	work	status.	

	 Shift	workers	 Day	workers	
Day	shift	cycle	 Night	shift	cycle	 Day	shift	cycle	1	 Day	shift	cycle	2	

Time	of	first	sample	
(hours	since	waking)	

1.0	±	2.4	 1.6	±	2.8	 0.8	±	2.2	 0.8	±	2.2	

Total	sampling	period	
(hours	since	waking)	

24.1	±	3.4	 22.4	±	4.3	 24.1	±	2.1	 23.7	±	3.5	

Average	time	between	
samples	(hours)	

3.8	±	2.5	 3.7	±	2.5	 3.6	±2.8	 3.7	±2.9	

Average	samples	per	day	 6.9±1.8	 6.3±2.2	 7.2±1.9	 6.9±2.2	

	

3.3.3	Outcome:	Cardiometabolic	risk	measurement	

To	obtain	measurements	used	for	the	cardiometabolic	risk	factors,	information	on	

triglyceride	level,	HDL	cholesterol,	fasting	blood	glucose,	systolic	blood	pressure,	diastolic	blood	

pressure,	and	waist	circumference	were	obtained.	Measurements	were	obtained	through	clinical	

examinations	and	blood	samples	that	were	drawn	by	the	study	nurse	after	a	nightly	fast.	Blood	

samples	were	used	to	measure	triglycerides,	HDL	cholesterol	and	blood	glucose,	and	were	measured	

using	standard	techniques	in	the	Kingston	General	Hospital	Core	Laboratory.	A	trained	research	

coordinator	measured	blood	pressure	using	the	BpTRU	blood	pressure	monitor	(VSM	MedTech	Ltd,	

Coquitlam,	Canada),	and	the	mean	of	three	consecutive	readings	was	used.	A	study	nurse	measured	

waist	circumference	at	the	midway	point	between	the	iliac	crest	and	the	lower	rib.9		

3.3.4	Covariates	

Information	regarding	potential	covariates	was	measured	through	a	combination	of	

interviews	and	self-administered	questionnaires.	Participants	provided	information	on	confounders	

such	as	age,	caffeine	consumption,	education,	menopausal	status,	and	family	history	of	CVD.	

Information	on	work	characteristics	and	lifestyle	behaviors,	such	as	employment	category,	smoking	

status,	and	frequency	of	alcohol	consumption	were	also	collected.		

Measurement	of	Confounders	
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Participants’	age	was	calculated	based	on	their	self-reported	date	of	birth	at	the	time	of	

enrollment.	Participants	reported	the	highest	level	of	education	they	achieved,	which	is	a	commonly	

used	proxy	for	socioeconomic	status.10	Information	on	menopausal	status,	family	history	of	CVD,	

and	caffeine	consumption	were	also	self-reported	through	a	questionnaire.	Family	history	of	CVD	

was	determined	as	whether	the	participant	had	a	first-degree	male	or	female	relative	who	has	

suffered	a	heart	attack	before	the	age	of	60.	This	is	based	on	the	Framingham	Risk	Score,	which	uses	

this	criteria	as	a	proxy	for	genetic	inheritance	of	CVD	risk.11	

Measurement	of	Additional	Descriptive	Variables	

To	help	describe	the	study	sample,	information	on	lifestyle	behaviors	and	work	characteristics	

was	also	collected.	Information	on	employment	category	was	obtained	through	a	self-report	

questionnaire,	and	included	positions	such	as	nursing,	nutrition	services,	lab	technicians,	research,	

and	environmental	services.	Information	on	alcohol	consumption	and	smoking	status	was	also	

collected	through	a	self-report	questionnaire.	

Chronotype	was	measured	using	the	Munich	Chronotype	Questionnaire	(MCTQ).12	In	the	

questionnaire,	participants	report	time	of	sleep	onset	(SO),	and	time	of	awakening	or	“sleep	end”	

(SE)	on	free	days	and	workdays.12	The	chronotype	score	is	equal	to	mid-sleep	time	on	free	days	

(MSF).	MSF	was	calculated	as	follows:		

	𝑆𝑙𝑒𝑒𝑝	𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛	(𝑆𝐷) = 𝑆𝐸 − 𝑆𝑂		

	𝑀𝑆𝐹 = 𝑆𝑂 −
𝑆𝐷
2
	

MSF	was	then	used	to	interpret	chronotype.		For	example,	a	mid-sleep	time	of	5:00	AM	is	

equal	to	a	chronotype	score	of	5,	which	represents	an	earlier	chronotype	than	a	score	of	8.	In	

validation	studies,	MSF	calculated	using	the	MCTQ	was	found	to	be	a	highly	repeatable	measure	

that	correlated	with	MSF	determined	by	sleep	logs	and	wrist	actimetry.13,14	The	interpretation	of	

chronotype	using	the	MCTQ	was	also	consistent	with	chronotype	determined	through	the	
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Morningness-Eveningness	Questionnaire,	a	widely	used	chronotype	questionnaire.15	However,	the	

MCTQ	was	originally	designed	for	individuals	working	normal	daytime	hours,	and	is	not	best	suited	

for	the	shift	working	population	since	parameters	used	to	measure	MSF	are	influenced	by	irregular	

sleeping	schedules	in	shift	work.16	While	a	version	of	the	MCTQ	designed	for	specifically	shift	

workers	is	now	offered,	it	was	not	available	at	the	time	of	data	collection.16		

Physical	activity	was	measured	using	the	Global	Physical	Activity	Questionnaire	(GPAQ)	

developed	by	the	World	Health	Organization	(WHO).17	The	GPAQ	is	used	to	determine	physical	

activity	level	by	calculating	scores	from	self-reported	physical	activity	levels	in	3	domains;	activity	at	

work,	travel	to	and	from	places,	and	recreational	activities.	The	intensity	(i.e.	vigorous	or	moderate)	

of	each	activity	is	then	accounted	for,	and	information	on	sedentary	behaviour	is	also	recorded.17	

Participants	were	classified	as	having	met	the	criteria	for	physical	activity	guidelines	if	they	met	one	

of	the	following:		

• Reported	≥150	minutes	of	moderate	intensity	aerobic	activity	(increases	heart	rate	or	

breathing)	per	week	for	≥10	continuous	minutes	OR	

• Reported	≥75	minutes	of	vigorous-intensity	aerobic	physical	activity	per	week	for	≥10	

continuous	minutes	OR	

• Reported	an	equivalent	combination	

The	GPAQ	is	a	valid	and	reliable	tool	for	measuring	physical	activity.18	In	a	validation	study	

using	data	from	9	countries,	GPAQ	summary	measures	were	shown	to	have	a	moderately	strong	

correlation	with	measures	from	the	previously	validated	International	Physical	Activity	

Questionnaire.18		

Psychological	job	stress	was	measured	using	the	Job	Content	Questionnaire	(JCQ),	a	

questionnaire	used	to	measure	different	dimensions	of	an	individual’s	job	associated	with	

psychosocial	stress.19,20	The	JCQ	has	been	used	in	many	studies,	and	is	a	valid	and	reliable	tool	for	
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measuring	job	stress.21	The	JCQ	uses	Likert	Scale	responses	to	rate	job-related	statements,	and	

these	statements	are	grouped	into	the	5	domains:	skill	discretion,	decision	latitude,	psychological	

and	physical	job	demands,	social	support	from	supervisors	and	colleagues,	and	job	insecurity.	19,20,22	

Quantitative	summary	scores	for	each	domain	are	derived	from	the	questionnaire.	19,20,22	Job	stress	

can	occur	in	conditions	where	there	is	low	social	support,	high	demands,	low	decision	latitude,	job	

insecurity,	and	low	social	support.21	Using	the	decision	latitude	and	physiological	and	physical	job	

demands	categories,	jobs	can	be	characterized	into	4	categories;	active	strain	job,	high	strain	job,	

low	job	strain,	and	passive	job	strain.23	An	active	job	has	high	demands	and	high	decision	latitude	

(i.e.	high	control	over	the	job),	and	is	considered	a	“challenging	job”	that	leads	to	active	learning	and	

self-motivation.23	High	strain	jobs	have	high	demands	but	low	control	over	their	job,	and	these	jobs	

have	the	highest	risk	of	psychological	strain	and	physical	illness.23	A	passive	job	is	considered	jobs	

with	low	decision	latitude	and	low	psychological	demands,	and	are	in	dissatisfying	and	low	

motivation	jobs.23	Low	strain	jobs	are	considered	jobs	that	have	low	psychological	demands	for	work	

and	high	decision	latitude.23	Multiple	studies	have	shown	that	high	job	strain	reported	by	the	JCQ	is	

predictive	of	CVD.21,24		

Life	stress	was	measured	using	the	Derogatis	Stress	Profile	(DSP),	a	questionnaire	used	to	

measure	stress	from	a	number	of	domains;	environmental	stimuli	(domestic,	vocational,	health),	

personality	traits	(time	pressure,	driven	behaviour,	attitude	posture,	relaxation	potential,	role	

definition),	and	emotional	responses	(anxiety,	hostility,	depression).25	Each	question	is	scored	and	

summed	to	create	Total	Stress	Scores	(TSS),	which	are	then	converted	to	a	t-score	based	on	a	

conversion	table.26	Typically,	an	individual	with	a	t-score	of	greater	than	80	(population	mean	plus	1	

standard	deviation)	is	considered	to	have	life	stress.26	However,	since	few	participants	met	this	

threshold,	life	stress	was	defined	as	the	sample	mean	plus	one	standard	deviation	(t-score	>50).26,27	

In	a	validation	study,	the	DSP	is	correlated	with	another	widely	used	stress	questionnaire,	the	Daily	
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Hassles	Scale	and	the	Life	Experiences	Survey.	28	Additionally,	DSP	scores	are	associated	with	heart	

rate	reactivity	in	both	laboratory	and	observational	settings,	indicating	that	the	DSP	scores	are	

related	to	physiological	changes	expected	under	stressful	conditions.28	

3.4	Statistical	Analyses	

3.4.1	Mediator	assessment:	Cortisol	

In	this	thesis,	two	summary	measures	of	cortisol	were	used;	total	area	under	the	curve	

(AUCG),	and	area	under	the	curve	with	respect	to	the	increase	(AUCI).	Using	principal	component	

analysis,	Fekedulegn	et	al.	(2007)	determined	that	AUCG	describes	the	total	diurnal	quantity	

produced,	while	AUCI	describes	the	diurnal	pattern	of	cortisol.29	While	the	cortisol	awakening	

response	(CAR)	is	often	used	to	describe	changes	in	cortisol,	the	CAR	was	not	adequately	captured	in	

our	study	due	to	the	random	nature	of	urine	sampling.	In	addition,	CAR	is	best	captured	using	

salivary	cortisol	based	on	current	expert	consensus	guidelines.30	A	measure	of	cortisol	variation	was	

also	used.	A	past	analysis	on	our	cross-sectional	study	sample	of	328	female	healthcare	workers	

found	that	shift	workers	had	lower	AUCG	and	AUCI	values	during	night	shift	work	in	comparison	to	

day	workers	on	day	shifts.31	This	indicates	that	shift	workers	produced	lower	24-hr	cortisol	

production	and	had	flatter	diurnal	cortisol	curves	during	their	night	shifts.	Moreover,	shift	workers	

had	a	more	pronounced	diurnal	pattern	day	shift	cycles	and	similar	24-hr	cortisol	production	in	

comparison	to	day	workers.31	Since	cortisol	production	on	night	shifts	was	found	to	be	different	

than	on	day	shifts,	we	decided	to	capture	this	variation	by	measuring	magnitude	of	variation	in	

cortisol	between	both	shifts,	which	is	described	later.	

All	summary	curves	excluded	cortisol	outliers,	defined	as	values	that	were	outside	±1.5	of	the	

interquartile	range	in	each	of	the	24-hour	cycles.	These	values	were	excluded	because	they	were	

biologically	implausible,	and	qualitative	analyses	confirmed	that	the	curves	did	not	resemble	the	

well-established	shape	of	a	24-hour	cortisol	profile.	In	the	following	text,	we	will	first	describe	the	
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summary	measures	that	were	used.	The	decision	rules	used	to	clean	the	data	in	order	to	calculate	

these	measures	will	also	be	described.	

Cortisol	summary	measure:	AUCG	

Total	area	under	the	curve	estimates	the	total	cortisol	output	over	a	given	period.29,32	In	this	

thesis,	we	measured	total	cortisol	output	over	a	24-hour	period.	Total	area	under	the	curve	is	also	

known	as	the	area	under	the	curve	with	respect	to	the	ground	(AUCG).	AUCG	takes	into	account	the	

difference	in	between	each	sample	(i.e.	the	change	over	time)	and	the	distance	of	these	samples	

from	the	ground	(i.e.	the	level	at	which	the	changes	over	time	occur).32	Figure	3.2	illustrates	AUCG,	

where	the	‘ground’	is	the	x-axis	in	the	graph	of	a	diurnal	cortisol	curve.	

	

Figure	3.2:		Trapezoidal	rule	used	to	calculate	AUCG.	Dots	represents	time	and	concentration	of	cortisol	
samples.	𝑨𝑼𝑪𝑮 = 𝒂 + 𝒃 + 𝒄 + 𝒅 + 𝒆 + 𝒇 + 𝒈 	

	
AUCG	is	calculated	using	the	trapezoidal	rule,	where	the	curve	is	broken	into	trapezoidal	segments	

between	each	sample	time.	The	area	beneath	the	curve	between	two	consecutive	samples	defines	a	
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trapezoid.	All	individual	trapezoidal	areas	are	then	summed	to	approximate	the	area	under	curve.32	

AUCG	is	calculated	using	the	following	formula:32	

𝐴𝑈𝐶G =
𝑚 IJK + 𝑚I ∗ 𝑡I

2

MNK

IOK

	

Where	ti	denotes	the	individual	time	distance	between	samples,	mi	denotes	the	individual	sample,	

and	n	denotes	the	total	number	of	samples.32	

Cortisol	summary	measure:	AUCI	

The	area	under	the	curve	with	respect	to	the	increase	(AUCI)	is	a	measure	of	cortisol	

pattern.29	In	contrast	to	the	AUCG,	AUCI	uses	the	baseline	sample	as	a	reference	point.	This	means	

the	area	under	the	curve	is	calculated	with	reference	to	this	baseline	sample,	which	emphasizes	the	

change	in	cortisol	over	time.32	In	this	thesis,	the	baseline	concentration	refers	to	the	concentration	

of	cortisol	upon	awakening,	which	was	approximated	by	the	first	urine	sample	collected.	Figure	3.3	

illustrates	AUCI,	where	the	baseline	concentration	is	the	first	urine	sample	collected	(i.e.	

concentration	of	cortisol	upon	awakening).		
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Figure	3.3:	Trapezoidal	rule	used	to	calculate	AUCI.	Dots	represents	time	and	concentration	of	cortisol	
samples.	𝑨𝑼𝑪𝑰 = 𝒂 + 𝒃 + 𝒄 + 𝒉 + 𝒊 − (𝒅 + 𝒆 + 𝒇)	

	
Similar	to	AUCG,	AUCI	is	calculated	using	the	trapezoidal	rule,	where	the	curve	is	broken	into	

trapezoidal	segments	between	each	sample	time.32	AUCI	is	calculated	as	the	area	under	the	curve	

above	the	baseline	concentration,	minus	the	area	of	the	curve	below	the	baseline	concentration	

above	the	curve.32	In	general,	a	more	negative	AUCI	is	interpreted	as	a	flatter	cortisol	curve	since	the	

amount	of	“increase”	(i.e.	area	under	the	curve	above	the	baseline)	in	cortisol	is	smaller	than	the	

amount	of	“decrease”	(area	above	the	curve	below	the	baseline).29	AUCI	is	calculated	using	the	

following	formula:32	

𝐴𝑈𝐶S =
𝑚 IJK + 𝑚I ∗ 𝑡I

2

MNK

IOK

− 𝑚K ∗ 𝑡I

MNK

IOK

	

Where	mi	denotes	the	single	samples,	ti	denotes	the	time	distance	between	the	samples,	n	denotes	

the	total	number	of	samples,	and	m1	denotes	the	first	sample.	
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Cortisol	variation	measure:	Magnitude	of	variation	

Magnitude	of	variation	was	used	to	measure	the	variation	in	summary	cortisol	measures	

between	the	two	24-hour	periods.	The	magnitude	of	AUCG	variation	was	calculated	as	the	difference	

in	AUCG	between	cycle	1	and	cycle	2,	and	reflects	the	variability	in	total	daily	production	over	a	2-

day	period.	In	shift	workers,	this	measure	was	the	absolute	difference	between	a	day	shift	and	a	

night	shift,	and	in	day	workers	it	reflected	the	absolute	difference	between	two	day	shifts.	The	same	

method	was	used	to	calculate	the	magnitude	of	AUCI	variation,	which	reflects	the	variability	in	

diurnal	pattern	of	cortisol	over	the	2-day	period.	Both	magnitude	of	variation	variables	were	log-

transformed	to	ensure	normality	of	residuals.	

Decision	rules		

There	were	several	challenges	in	calculating	these	summary	cortisol	measures.	To	address	

these	challenges,	issues	were	identified,	recorded,	and	addressed	based	on	consensus	decision	rules	

developed	by	a	previous	Masters	student33	and	also	used	in	this	thesis.	In	some	cycles,	recorded	

times	of	urine	samples	by	participants	did	not	follow	a	chronological	order	(e.g.	the	first	sample	was	

said	to	be	taken	at	12:00	hours,	second	sample	at	05:00	hours).	Inconsistent	use	of	24-hour	time	

and	AM-PM	time	was	a	reasonable	explanation	for	this	error	(e.g.	’05:00	hours’	should	be	1700	

hours).	Thus,	times	were	changed	to	24-hour	time	if	it	places	the	samples	in	chronological	order.		If	

the	sequence	was	still	inconsistent,	then	this	sample	was	excluded	from	the	analysis.	Samples	

needed	to	be	in	logical	chronological	order	to	calculate	the	area	under	the	curve	summary	

measures.	In	some	cases,	there	were	1	or	2	samples	taken	in	one	24-hour	cycle.	Since	at	least	3	

points	are	required	to	calculate	a	diurnal	curve,	these	24-hour	cycles	were	excluded.	We	had	one	

permanent	night	worker	in	our	sample,	who	provided	two	24-hour	cycles.	Since	both	cycles	were	

taken	on	night	shifts,	their	first	24-hour	period	was	excluded	to	prevent	misclassification.	The	

second	24-hour	cycle	remained	in	the	analysis.		
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The	arithmetic	means	of	AUCI	and	AUCG	from	the	two	24-hour	cycles	were	used	in	all	

analyses	as	a	more	reliable	estimate	of	average	diurnal	cortisol	production.	For	some	participants,	

only	one	24-hr	cycle	could	be	used	for	analyses.	Due	to	this,	we	could	not	create	magnitude	of	

variation	measures	for	18	participants,	since	both	24-hour	cycles	are	needed	for	the	calculation.	

3.4.2	Outcome	assessment:	Cardiometabolic	risk	

Two	definitions	for	cardiometabolic	risk	were	used	for	this	thesis:	a	binary	definition	of	

metabolic	syndrome	and	continuous	cardiometabolic	risk	score.	The	binary	definition	of	metabolic	

syndrome	was	defined	according	to	the	2009	Joint	Interim	Studies	consensus	statement.34	A	

participant	was	considered	as	positive	for	metabolic	syndrome	if	she	met	three	or	more	of	the	

following	criteria:	high	waist	circumference	(≥80	cm),	elevated	triglycerides	(≥1.7	mmol/L),	reduced	

high-density	lipoprotein	(<1.3	mmol/L),	elevated	blood	pressure	(systolic	≥130	mmHg	or	diastolic	

≥85	mmHg	or	drug	treatment),	or	elevated	fasting	blood	glucose	(≥	100	mg/dL).34		

A	continuous	score	of	cardiometabolic	risk	was	also	used	since	the	binary	definition	of	

cardiometabolic	risk	implies	that	all	components	contribute	equal	risk	and	loss	of	information	occurs	

due	to	dichotomy	of	metabolic	syndrome.35,36	Due	to	a	smaller	sample	size	(n=326),	we	decided	to	

use	an	existing	cardiometabolic	score.	While	principal	component	analysis	could	be	performed	on	

our	sample	to	create	our	own	score,	it	was	reasoned	that	using	a	score	based	on	a	study	with	a	

larger	sample	size	would	provide	a	more	stable	and	reliable	measure	of	the	score.	However,	a	

sensitivity	analysis	was	conducted,	where	we	created	a	standardized	score	from	our	sample	using	

principal	component	analysis	(see	Appendix	D).	

To	date,	there	are	no	validated	cardiometabolic	risk	scores	in	Canada	within	an	adult	female	

population.	The	continuous	cardiometabolic	risk	(CMR)	score	we	used	was	based	on	a	principal	

component	analysis	performed	by	Hillier	et	al.	(2006).36	This	formula	was	created	based	on	data	

obtained	through	a	longitudinal	cohort	study	in	France	of	5,212	participants	aged	30-65,	where	



	 55	

separate	scores	were	made	for	women	and	men.36	The	CMR	score	for	women,	based	on	2,557	

women,	was	standardized	based	on	the	French	cohort	to	have	a	mean	of	zero,	and	a	standard	

deviation	of	one.	Each	standard	deviation	increase	in	the	CMR	score	is	associated	with	1.7-fold	

increased	risk	of	developing	CVD	in	women	(RR:	1.7,	95%	CI:	1.0,	2.7).36	The	formula	used	for	

calculating	the	CMR	score	is:	

𝐶𝑀𝑅	𝑆𝑐𝑜𝑟𝑒 = 	0.59 ∗ (𝑊𝑎𝑖𝑠𝑡	𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 − 77.2)/10.4 + 0.52

∗ ( 𝐿𝑛[𝑇𝑟𝑖𝑔𝑙𝑦𝑐𝑒𝑟𝑖𝑑𝑒𝑠] + 0.03))/0.52 + 0.48 ∗ ( 𝑆𝑦𝑠𝑡𝑜𝑙𝑖𝑐	𝐵𝑃 − 126)/16

+ 0.38 (𝐹𝑎𝑠𝑡𝑖𝑛𝑔	𝑏𝑙𝑜𝑜𝑑	𝑔𝑙𝑢𝑐𝑜𝑠𝑒 − 5.1)/0.8 	

Each	variable	was	in	the	appropriate	units	before	calculation:	waist	circumference	(cm),	

triglycerides	(mmol/L),	systolic	blood	pressure	(mmHg)	and	fasting	blood	glucose	(mmol/L).	

Triglyceride	level	was	log-transformed	to	reduce	skewness	of	distribution.	While	HDL-cholesterol	is	

one	of	the	components	used	for	the	determination	of	metabolic	syndrome,	the	CMR	score	outlined	

above	was	highly	correlated	with	a	principal	component	analysis	that	also	included	fasting	insulin	

and	HDL	cholesterol	(r=0.94).36	A	description	of	how	to	convert	the	CMR	score	into	an	odds	ratio	is	

provided	in	Appendix	C.	

	The	women	in	the	French	cohort	had	a	mean	abdominal	circumference	of	77.2	cm,	mean	

fasting	blood	glucose	of	5.1	mmol/L,	mean	triglycerides	of	1.0	mmol/L,	mean	HDL	of	1.6	mmol/L	and	

mean	systolic/diastolic	blood	pressure	of	126/76	mmHg.36	This	is	very	similar	to	women	in	the	

Canadian	population	in	2015,	with	a	mean	abdominal	circumference	of	88.9	cm,	mean	fasting	blood	

glucose	of	5.1	mmol/L,	mean	triglycerides	of	1.14	mmol/L,	mean	HDL	of	1.5	mmol/L	and	mean	

systolic/diastolic	blood	pressure	of	110/70	mmHg.37,38	The	main	differences	are	a	higher	mean	

abdominal	circumference	and	lower	mean	blood	pressure	among	women	in	Canada.		

	 While	many	cardiometabolic	risk	scores	were	considered,	the	score	created	by	Hillier	et	al.	

(2006)	was	chosen	for	many	reasons.	First,	as	outlined	above,	the	mean	values	of	each	component	
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were	very	similar	to	women	seen	in	the	Canadian	population	and	our	sample.	Since	the	means	were	

very	similar,	it	produced	a	score	that	was	centered	around	a	mean	of	0.03	(standard	deviation	of	

1.5)	in	our	sample.	This	is	very	close	to	the	originally	standardized	score	in	France,	that	had	a	mean	

of	0	(standard	deviation	of	1).	Another	reason	this	score	was	chosen	is	since	both	populations	were	

comparable,	the	score	offered	adequate	variation.	This	was	particularly	evident	after	considering	a	

score	used	in	the	NHANES	cohort	in	the	US.39	Using	the	score	created	in	the	US,	our	sample	

produced	scores	that	were	clustered	towards	the	lower	end	of	the	z-score;	this	suggests	that	our	

sample	is	generally	healthier	in	terms	of	cardiometabolic	health	in	comparison	to	the	US	

population.39	Due	to	the	lower	variation	this	score	produced	in	our	sample,	the	score	by	Hillier	et	al.	

(2006)	was	chosen	in	order	to	increase	statistical	power.	Lastly,	Hillier	et	al.	(2006)	created	the	score	

using	a	larger	sample	size	than	other	previous	scores,	and	created	a	separate	score	for	use	in	

exclusively	women.36	

3.4.3	Descriptive	analysis	of	study	population	

Univariate	descriptive	analyses	were	completed	for	demographic	variables,	work	

characteristics,	and	measures	of	cortisol	to	compare	participants	by	current	shift	work	status	(i.e.	

day	workers	vs.	rotating	shift	workers).	Continuous	variables	were	described	by	the	mean	and	

standard	deviation,	while	categorical	variables	were	described	as	the	number	of	participants	in	each	

category,	and	as	a	proportion	of	shift	workers	or	day	workers.	For	continuous	variables,	a	t-test	was	

used	to	determine	if	there	were	differences	between	shift	workers	and	day	workers.	For	categorical	

variables,	the	Chi-Square	test	was	used	to	test	the	differences	between	shift	workers	and	day	

workers.	To	find	age-adjusted	estimates	and	p-values,	multiple	linear	regression	or	multiple	logistic	

regression	were	used.	
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3.4.4	Mediation	analysis	

Mediation	analyses	were	performed	using	multivariable	logistic	and	linear	regression	to	

investigate	the	relationship	between	shift	work	and	2	outcome	variables:	metabolic	syndrome	and	

the	CMR	score.	For	each	outcome,	AUCG,	AUCI	and	their	respective	magnitudes	of	variation	were	

considered	as	mediators.	The	mediation	analysis	followed	the	classic	method	of	Baron	&	Kenny.40	

According	to	the	Baron	and	Kenny	criteria,	mediation	occurs	if:		

1)	the	independent	variable	shift	work	significantly	affects	the	dependent	variable	(path	c);		

2)	the	independent	variable	shift	work	significantly	affects	the	mediators	(path	a);		

3)	the	mediators	affect	the	dependent	variable	while	controlling	for	shift	work	(path	b);		

4),	when	the	mediator	is	controlled,	the	significant	relationship	between	the	predictor	and	

outcome	is	attenuate	(path	c’).40		

These	conditions	are	depicted	in	Figure	3.4	and	summarized	by	the	following	regression	

equations:	

1. 𝐿𝑜𝑔𝑖𝑡 𝑌 = 𝛽o + 𝑐𝑋 + 𝑐𝑜𝑛𝑓𝑜𝑢𝑛𝑑𝑒𝑟𝑠	

2. 𝑀 = 𝛽o + 𝑎𝑋 + 𝑐𝑜𝑛𝑓𝑜𝑢𝑛𝑑𝑒𝑟𝑠	

3. 𝐿𝑜𝑔𝑖𝑡 𝑌 = 𝛽o + 𝑐q𝑋 + 𝑏𝑀 + 𝑐𝑜𝑛𝑓𝑜𝑢𝑛𝑑𝑒𝑟𝑠	

Where	Y	represents	the	outcome	of	metabolic	syndrome,	𝛽o	represents	the	intercept,	M	represents	

the	mediator	of	cortisol,	and	X	represents	the	exposure	of	current	shift	work.	

1. 𝑌 = 𝛽o + 𝑐𝑋 + 𝑐𝑜𝑛𝑓𝑜𝑢𝑛𝑑𝑒𝑟𝑠	

2. 𝑀 = 𝛽o + 𝑎𝑋 + 𝑐𝑜𝑛𝑓𝑜𝑢𝑛𝑑𝑒𝑟𝑠	

3. 𝑌 = 𝛽o + 𝑐q𝑋 + 𝑏𝑀 + 𝑐𝑜𝑛𝑓𝑜𝑢𝑛𝑑𝑒𝑟𝑠	

Where	Y	represents	the	outcome	of	the	CMR	score,	𝛽o	represents	the	intercept,	M	represents	the	

mediator	of	cortisol,	and	X	represents	the	exposure	of	current	shift	work.	
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Figure	3.4:		Conceptual	model	of	the	relationships	between	shift	work,	cortisol,	and	cardiometabolic	risk.	Path	
c	represents	the	total	effect,	path	c’	reflects	the	direct	effects,	and	paths	a	and	b	reflect	the	indirect	effect.	

	
In	addition	to	the	Baron	and	Kenny’s	approach,	we	also	used	the	PROCESS	macro	for	SAS	to	test	

the	significance	of	the	mediation	effect	(i.e.	the	indirect	effect	of	shift	work	on	cardiometabolic	risk	

via	cortisol).41	The	PROCESS	macro	was	created	by	Andrew	F.	Hayes	to	conduct	statistical	mediation,	

moderation,	and	conditional	process	analysis.41	To	test	the	significance	of	the	indirect	effect	(path	

ab),	bias-corrected	95%	confidence	intervals	around	the	indirect	effect	were	constructed	using	

bootstrapping.	The	indirect	effect	is	considered	statistically	significant	if	the	confidence	interval	does	

not	include	the	null	value.	Bootstrapping	is	a	non-parametric	resampling	procedure	that	does	not	

assume	normality	of	the	sampling	distribution,	and	is	the	recommended	approach	for	testing	the	

significance	of	the	indirect	effect.42	In	terms	of	assessment	for	confounders,	a	change-in-estimate	

approach	was	used.43	In	mediation	analysis,	a	confounder	is	considered	any	variable	that	confounds	

the	relationship	between	the	predictor	and	outcome,	between	the	predictor	and	mediator,	or	

confounds	the	relationship	between	the	mediator	and	outcome.	Thus,	if	a	variable	changed	the	

estimate	for	shift	work	or	cortisol	by	≥10%,	it	was	included	in	the	analysis.	If	the	variable	did	not	

change	the	estimate	by	≥10%,	it	was	not	included	in	the	analysis	since	it	was	not	considered	an	

empirical	confounder.	
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In	total,	326	participants	were	included	in	the	analyses.	Due	to	outliers,	one	participant	was	

removed	from	AUCG	analyses,	and	two	participants	were	removed	from	AUCI	analyses.	Due	to	

missing	cortisol	samples,	an	estimate	of	magnitude	of	variation	could	not	be	calculated	for	18	

participants.	All	analyses	were	a	primary	analysis	conducted	by	the	student	during	2016	and	2017.		

The	student	was	responsible	for	the	conceptualization	of	this	thesis	project,	statistical	analyses,	

interpretation	of	the	results	and	the	writing	of	this	thesis,	with	feedback	and	guidance	from	the	co-

authors.	

3.5	Ethical	Considerations	

Ethics	approval	for	the	original	study	entitled	Shift	Work	and	Cardiovascular	Risk	in	Working	

Women	received	approval	from	Queen’s	University	Health	Research	and	Ethics	Board	in	2011.	Ethics	

approval	for	the	work	in	this	thesis	was	also	received	from	the	Queen’s	University	Health	Sciences	

Research	Ethics	Board	in	2016	(see	Appendix	A).	All	electronic	data	is	stored	securely	on	a	shared	

drive	with	limited	access,	and	completed	questionnaire	and	intake	interview	data	are	stored	

securely	in	locked	offices	at	Kingston	General	Hospital.	All	analyses	were	done	with	anonymized	

data.	
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4.1	Abstract	

Objective:	To	determine	whether	quantity	of	cortisol	production,	diurnal	cortisol	pattern,	and	

cortisol	variability	mediate	the	relationship	between	current	shift	work	status	and	cardiometabolic	

risk	among	female	hospital	employees.		

Methods:	A	cross-sectional	study	was	conducted	with	326	female	employees	(166	rotating	shift	

workers	and	160	day	workers)	at	Kingston	General	Hospital	in	Ontario,	Canada.	Participants	

completed	a	baseline	interview,	questionnaire,	and	clinical	exam,	and	provided	urine	samples	for	

each	void	over	two	24-hour	cycles	that	included	one	night	shift	for	the	shift	workers.	Diurnal	

quantity	of	cortisol	production	(AUCG),	cortisol	pattern	(AUCI),	and	the	magnitude	of	variation	for	

both	AUCG	and	AUCI	was	determined	across	the	two	cycles	using	creatinine-adjusted	urinary	

cortisol.	Two	measures	of	cardiometabolic	risk	were	used:	metabolic	syndrome	(MetS)	based	on	the	

2009	Joint	Interim	Studies	consensus	statement,	and	a	continuous	cardiometabolic	risk	score	

created	by	Hillier	and	colleagues	(2006).		

Results:	Current	shift	workers	are	more	likely	to	have	MetS	than	dayworkers	(21%	vs.	12%,	

respectively,	OR:	2.41,	95%	CI:	1.25,	4.64)	and	have	a	higher	cardiometabolic	risk	score	(β:	0.45,	95%	

CI:	0.12,	0.78).	Shift	work	is	also	associated	with	a	lower	quantity	of	cortisol	production	and	a	higher	

magnitude	of	variation	in	cortisol	pattern,	but	not	with	diurnal	pattern	or	magnitude	of	variation	in	

quantity	of	production.	Diurnal	quantity	of	cortisol	production	is	a	partial	mediator	in	the	

relationship	between	shift	work	and	cardiometabolic	risk,	as	measured	with	the	cardiometabolic	risk	

score.	There	is	no	evidence	that	cortisol	pattern	or	either	magnitude	of	variation	are	intermediates	

between	shift	work	and	cardiometabolic	risk.	Both	quantity	of	cortisol	production	and	variation	in	

quantity	of	cortisol	production	are	associated	with	cardiometabolic	risk	outcomes	while	controlling	

for	shift	work,	suggesting	that	lower	levels	of	cortisol	output	and	lower	variability	in	output,	

independent	of	shift	work,	are	associated	with	cardiometabolic	risk.	
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Conclusions:	Current	rotating	shift	workers	have	a	lower	average	quantity	of	cortisol	production,	a	

higher	magnitude	of	variation	in	pattern,	a	higher	cardiometabolic	risk	score,	and	a	higher	odds	of	

metabolic	syndrome	in	comparison	to	day	workers.	Current	quantity	of	cortisol	production	is	a	

partial	mediator	in	the	relationship	between	current	shift	work	and	cardiometabolic	risk,	while	

cortisol	pattern	and	cortisol	variability	did	not	appear	to	be	mediators.	Future	studies	warrant	the	

consideration	of	other	potential	mediators	in	the	causal	pathway	between	shift	work	and	CVD	risk.	
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4.2	Introduction	

Shift	work	generally	refers	to	a	work	schedule	that	is	worked	outside	of	the	standard	

daylight	hours,	and	is	associated	with	non-standard	hours	such	as	working	at	night.1	Shift	work	can	

comprise	regular	night	and	evening	work,	rotating	and	split	shifts,	casual/on-call	jobs,	and	irregular	

shifts.2	With	an	increased	demand	for	24/7	services,	shift	work	is	becoming	more	prevalent	in	many	

industries.	According	to	the	Canadian	General	Social	Survey	(2010),	approximately	33%	of	the	adult	

working	population	in	Canada	are	shift	workers.3	Furthermore,	approximately	45%	of	those	working	

in	full-time	health	occupations	are	shift	workers,	a	large	proportion	of	whom	are	women.2	

There	is	evidence	that	shift	work	is	a	risk	factor	for	numerous	chronic	diseases,	including	

cardiovascular	disease	(CVD).	A	recent	meta-analysis	of	34	studies	combining	data	from	2,011,935	

participants	reported	that	shift	workers	have	an	increased	risk	of	myocardial	infarction,	ischaemic	

stroke,	and	coronary	events	in	comparison	to	day	workers.3		There	is	also	evidence	that	exposure	to	

shift	work	has	a	positive	dose-response	relationship	on	risk	of	coronary	heart	disease	(CHD).	In	the	

Nurses’	Health	Study	(n=115,535),	increasing	years	of	baseline	rotating	night	shift	work	were	

associated	with	higher	CHD	risk	(p<0.01	for	trend),	with	an	27%	increase	in	risk	for	10	years	or	more	

of	shift	work	(RR:	1.27,	95%	CI:	1.09,	1.48).4	

Given	that	cardiovascular	diseases	are	chronic	in	nature,	prevention	and	early	identification	

of	risk	is	important.	In	this	study,	we	focused	on	cardiometabolic	risk	as	our	primary	outcome	of	

interest,	since	numerous	studies	support	the	strong	association	between	these	risk	factors	and	

future	CVD.5,6	A	meta-analysis	including	13	studies	(n=15,594)	found	that	exposure	to	night	shift	

work	between	the	hours	of	24:00-05:00	increases	the	risk	of	metabolic	syndrome	by	almost	60%	

(pooled	RR:	1.57;	95%	CI:	1.24,	1.98).7	They	also	found	a	positive	dose-response	relationship	

between	years	of	working	night	shifts	and	metabolic	syndrome	risk.7	Another	systematic	review	

involving	22	longitudinal	studies	found	strong	evidence	for	a	relationship	between	shift	work	and	an	
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increased	risk	of	obesity,	body	weight	gain,	and	impaired	glucose	tolerance;	however,	insufficient	

evidence	was	found	for	an	association	between	shift	work	and	dyslipidemia	or	blood	pressure.8	

While	the	evidence	supports	an	association	between	shift	work	and	cardiometabolic	risk,	

the	pathways	through	which	shift	work	may	influence	CVD	risk	are	still	unclear.	Several	mechanisms	

underlying	the	association	between	shift	work	and	cardiometabolic	risk	have	been	hypothesized,	

including	interrelated	psychosocial,	behavioral,	and	physiological	mechanisms.9,10	One	hypothesized	

biological	mechanism,	which	this	study	focuses	on,	is	the	pathway	where	shift	work	disrupts	cortisol	

production.	Cortisol	is	a	circadian-regulated	stress	hormone	that	follows	a	diurnal	pattern	of	

production.11	Cortisol	levels	peak	approximately	30	minutes	after	awakening,	an	increase	termed	

the	cortisol	awakening	response	(CAR).	Cortisol	levels	then	decline	steeply	throughout	the	day,	

reaching	their	nadir	during	the	beginning	of	sleep.11	It	is	suggested	that	shift	work	may	disrupt	

circadian	mechanisms	leading	to	physiological	changes	that	promote	the	development	of	CVD.12,13	

While	studies	on	the	effect	of	shift	work	on	cortisol	production	have	been	mixed,	there	is	

evidence	that	shift	work	is	associated	with	disrupted	cortisol.	In	a	previous	study,	we	identified	that	

shift	workers	had	flatter	diurnal	cortisol	patterns	and	lower	24-hr	cortisol	production	on	night	shifts,	

while	cortisol	patterns	and	production	were	similar	between	day	workers	and	shift	workers	during	

day	shifts.14	Other	cross-sectional	studies	have	also	supported	decreased	24-hr	cortisol	production15	

and	a	blunted	pattern16,17	in	night	shift	work.	However,	some	studies	have	found	no	association15,17	

or	inverse	associations.18	There	is	also	mixed	evidence	linking	disruptions	in	cortisol	production	and	

CVD	and	metabolic	syndrome.	A	cohort	study	with	a	6-year	follow-up	found	that	persons	in	the	

highest	tertile	of	24-hr	cortisol	had	a	five	times	increased	risk	of	dying	of	CVD	(HR:	5.00,	95%	CI:	

2.02,	12.37).19	In	contrast,	metabolic	syndrome	has	been	associated	with	a	lower	24-hr	cortisol	

production.20	In	the	same	study,	no	association	was	found	between	cortisol	pattern	and	metabolic	

syndrome20,	although	other	studies	have	found	a	flatter	pattern	in	women	with	metabolic	
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syndrome.21	In	the	only	study	that	was	found	exploring	the	relation	between	shift	work,	cortisol	

production	and	cardiometabolic	risk,	cortisol	levels	were	positively	correlated	with	cholesterol,	

triglycerides,	and	negatively	correlated	with	high-density	lipoprotein	(HDL)	(p<0.05)	in	42	male	truck	

drivers	working	rotating	shifts.22		Moreover,	no	correlation	between	cortisol	levels	and	metabolic	

components	was	found	in	truck	drivers	who	were	day	workers.22	

The	primary	objective	of	this	study	is	to	assess	whether	work-related	cortisol	production	

mediates	the	relationship	between	current	shift	work	status	and	cardiometabolic	risk	among	female	

hospital	employees.	Cortisol	parameters	examined	include	quantity	of	diurnal	production,	diurnal	

pattern,	and	their	respective	magnitudes	of	variation.		

4.3	Methods	

Study	sample	

A	cross-sectional	study	was	conducted	among	female	hospital	employees	recruited	from	

Kingston	General	Hospital,	an	acute	care	hospital	in	Southeastern	Ontario,	Canada.	Participants	

were	recruited	through	posters,	meetings	with	program	managers,	direct	email	communication,	

notices	on	the	hospital	intranet,	communication	books	and	staff	meetings.	Women	who	were	

currently	pregnant	or	who	had	given	birth	in	the	previous	year	and	women	with	less	than	one	year	

of	shift	work	history	were	asked	to	self-exclude.	Participants	were	331	full-time	and	part-time	

female	employees	who	worked	either	fixed-day	schedules	or	rotating	shifts.	Participants	included	

staff	from	inpatient	units,	such	as	registered	nurses	and	patient	care	assistants,	as	well	as	

laboratory,	diagnostic	and	support	services	such	as	housekeeping	and	administration.	Of	the	331,	

four	were	excluded	due	to	missing	data	on	cortisol	or	time	of	urine	collection,	and	one	was	excluded	

due	to	an	extreme	outlier	in	fasting	blood	glucose,	with	326	participants	remaining	for	inclusion	in	

the	analyses	(166	rotating	shift	workers,	160	day	workers).	Due	to	missing	cortisol	samples,	an	

estimate	of	magnitude	of	variation	could	not	be	calculated	for	18	participants.	Due	to	outliers,	one	



	 69	

participant	was	removed	from	AUCG	analyses,	and	two	participants	were	removed	from	AUCI	

analyses.	This	study	was	approved	by	the	Health	Sciences	Research	Ethics	Board	at	Queen’s	

University.	

Data	Collection	

Current	shift	work	exposure	

Information	on	current	shift	work	exposure	was	obtained	through	an	intake	interview.	

Participants	were	classified	as	either	exclusive	day	workers,	or	rotational	shift	workers	with	day	and	

night	work.	In	this	study,	night	work	was	defined	as	work	that	included	hours	between	12:00	AM	

and	5:00	AM.	The	typical	shift	work	schedule	was	two	12-hour	day	shifts,	followed	by	two	

consecutive	12-hour	night	shifts,	and	four	to	five	days	off.	However,	this	schedule	varied	as	women	

often	traded	shifts.	Day	workers	typically	worked	five	consecutive	8-hour	starting	at	8:00	AM	or	9:00	

AM,	followed	by	two	days	off.		

Cortisol	measurements	

Participants	were	asked	to	collect	midstream	urine	at	every	void	over	two	24-hour	cycles	and	

to	record	timing	of	voids.	Day	workers	collected	samples	during	two	cycles	during	day	shifts,	and	

rotating	shift	workers	collected	samples	during	a	cycle	with	a	day	shift,	and	cycle	with	a	night	shift.	

The	night	shift	cycle	was	the	second	of	two	consecutive	night	shifts.	Each	24-hour	cycle	included	one	

work	shift,	and	the	collection	began	after	awakening.	An	average	of	seven	samples	were	collected	

per	day.	Time	of	awakening	was	recorded	in	a	sleep	diary,	and	verified	with	accelerometer	data	

when	available.	Samples	were	assayed	using	a	DiaMetra	urinary	“free”	cortisol	ELISA	kit	(sensitivity	

of	2.0	ng/mL).	Differences	in	volume	of	urinary	output	were	accounted	for	by	adjusting	each	urine	

cortisol	sample	by	the	urine	creatinine	concentration	from	the	same	sample	using	the	cortisol:	

creatinine	ratio.	Creatinine	was	assayed	using	a	ParameterTM	Jaffe	reaction	(sensitivity	of	0.02	

mg/dL).	Measures	of	cortisol	and	creatinine	concentration	were	repeated	twice,	and	the	duplicate	
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values	were	compared	to	ensure	that	the	assays	were	reliable.	An	external	quality	assurance	test	

was	also	completed	by	comparing	creatinine-adjusted	cortisol	values	to	an	established	range	for	

females	above	18	years	of	age.23		

Cardiometabolic	risk	

To	obtain	measurements	used	for	the	assessment	of	cardiometabolic	risk,	blood	samples	

were	drawn	after	a	nightly	fast	by	the	study	nurse.	Blood	samples	were	used	to	measure	

triglycerides,	HDL	cholesterol	and	blood	glucose.	To	measure	blood	pressure,	a	trained	research	

coordinator	measured	blood	pressure	using	the	BpTRU	blood	pressure	monitor	(VSM	MedTech	Ltd,	

Coquitlam,	Canada),	and	a	mean	of	three	consecutive	readings	was	used.	A	study	nurse	measured	

waist	circumference	at	the	midway	point	between	the	iliac	crest	and	the	lower	rib.		

Two	definitions	for	cardiometabolic	risk	were	used:	a	binary	definition	of	metabolic	

syndrome,	and	continuous	cardiometabolic	risk	(CMR)	score.	The	binary	definition	of	metabolic	

syndrome	was	defined	according	to	the	2009	Joint	Interim	Studies	consensus	statement.24	A	

participant	was	considered	positive	for	metabolic	syndrome	if	she	met	three	or	more	of	the	

following	criteria:	waist	circumference	≥80	cm,	elevated	triglycerides	(≥1.7	mmol/L),	reduced	high-

density	lipoprotein	(<1.3	mmol/L),	elevated	blood	pressure	(systolic	≥130	mmHg	or	diastolic	≥85	

mmHg	or	drug	treatment),	and	elevated	fasting	blood	glucose	(≥	100	mg/dL).24		

A	continuous	score	of	cardiometabolic	risk	was	also	used	because	a	binary	definition	implies	

that	all	components	contribute	equally	to	risk,	and	loss	of	information	can	occur	when	using	

dichotomous	cut-offs	in	the	criteria	defining	metabolic	syndrome.25,26	The	continuous	CMR	score	

was	based	on	a	principal	component	analysis	performed	by	Hillier	and	colleagues	that	produced	a	

formula	predicting	incident	CVD	events	among	2,557	women	aged	30-65	in	a	cohort	study	in	

France.26	The	CMR	score	is	standardized	to	have	a	standard	deviation	of	one	and	a	mean	of	zero,	

and	each	standard	deviation	increase	in	the	CMR	score	is	associated	with	1.7-fold	increased	risk	of	
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developing	CVD	in	women	(RR:	1.7,	95%	CI:	1.0,	2.7).26	The	formula	used	for	calculating	the	CMR	

score	is:	

𝐶𝑀𝑅	𝑆𝑐𝑜𝑟𝑒 = 	0.59 ∗ (𝑊𝑎𝑖𝑠𝑡	𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 − 77.2)/10.4 + 0.52

∗ ( 𝐿𝑛[𝑇𝑟𝑖𝑔𝑙𝑦𝑐𝑒𝑟𝑖𝑑𝑒𝑠] + 0.03))/0.52 + 0.48 ∗ ( 𝑆𝑦𝑠𝑡𝑜𝑙𝑖𝑐	𝐵𝑃 − 126)/16

+ 0.38 (𝐹𝑎𝑠𝑡𝑖𝑛𝑔	𝑏𝑙𝑜𝑜𝑑	𝑔𝑙𝑢𝑐𝑜𝑠𝑒 − 5.1)/0.8 	

Covariates	

Potential	confounders	such	as	age,	education,	menopausal	status,	caffeine	consumption,	and	

family	history	of	CVD	were	measured	through	a	combination	of	interviews	and	self-administered	

questionnaires.	Participants	also	provided	information	on	work	characteristics	and	lifestyle	

behaviours,	such	as	employment	category,	smoking	status,	and	frequency	of	alcohol	consumption.	

Levels	of	physical	activity	were	measured	using	the	Global	Physical	Activity	Questionnaire27,	and	

chronotype	was	measured	using	the	Munich	Chronotype	Questionnaire28.	

4.4	Statistical	Analysis	

Baseline	characteristics	of	shift	workers	and	day	workers	were	compared	using	the	Chi-Square	

test	for	categorical	variables	and	a	t-test	for	continuous	variables.	To	find	age-adjusted	estimates	

and	p-values,	multiple	linear	regression	or	multiple	logistic	regression	were	used.	Each	participant’s	

diurnal	cortisol	curves	were	graphed	by	plotting	cortisol	as	a	function	of	hours	from	awakening.	The	

awakening	time	of	each	sample	was	calculated	as	the	difference	between	wake	time	and	the	

recorded	time	of	urine	void.	A	Loess	curve	was	used	to	create	a	curve	of	best	fit,	and	these	cortisol	

curves	are	presented	to	facilitate	unadjusted	comparisons	between	metabolic	syndrome	status	by	

time	of	shift.	

Two	quantitative	summary	measures	of	24-hour	cortisol	production	were	calculated.	Both	

measures	were	calculated	using	the	trapezoidal	rule	for	area	under	the	curve.29	Area	under	the	

curve	with	respect	to	the	ground	(AUCG)	is	the	total	area	under	a	diurnal	curve,	which	represents	the	



	 72	

24-hr	quantity	of	cortisol	production,	or	total	cortisol	output30,31	Area	under	the	curve	with	respect	

to	the	increase	(AUCI)	is	the	total	area	under	the	curve	above	the	baseline	(first	cortisol	sample	upon	

awakening)	minus	the	total	area	above	the	curve	under	the	baseline.30,31	This	represents	the	diurnal	

pattern	of	cortisol,30,31	and	more	negative	values	are	interpreted	as	flatter	curves.35	The	arithmetic	

means	of	AUCI	and	AUCG	from	the	two	24-hour	cycles	were	used	in	all	analyses	as	a	more	reliable	

estimate	of	average	diurnal	cortisol	production.	The	magnitude	of	AUCG	variation	was	calculated	as	

the	absolute	difference	in	AUCG	between	day	1	and	day	2,	and	reflects	the	variability	in	total	daily	

production	over	the	2-day	period.	The	same	procedure	was	used	to	calculate	the	magnitude	of	AUCI	

variation,	which	reflects	the	variability	in	diurnal	pattern	of	cortisol	over	the	2-day	period.	Both	

magnitude	of	variation	variables	were	log-transformed	to	ensure	normality	of	residuals.		

Mediation	analyses	were	performed	using	multivariable	logistic	and	linear	regression	to	

investigate	the	relationship	between	shift	work	and	2	outcome	variables:	MetS	and	the	continuous	

CMR	score.	For	each	outcome,	AUCG,	AUCI	and	their	respective	magnitudes	of	variation	were	

considered	as	mediators.	The	mediation	analysis	followed	the	classic	method	of	Baron	&	Kenny.32	

According	to	the	Baron	&	Kenny	criteria,	mediation	occurs	if:	1)	the	independent	variable	shift	work	

significantly	affects	the	dependent	variable	(path	c);	2)	the	independent	variable	shift	work	

significantly	affects	the	mediators	(path	a);	3)	the	mediators	affect	the	dependent	variable	while	

controlling	for	shift	work	(path	b);	and	4),	when	the	mediator	is	controlled,	the	significant	

relationship	between	the	predictor	and	outcome	is	attenuated	(path	c’).32	These	conditions	are	

depicted	in	Figure	1	and	summarized	by	the	following	regression	equations:	

4. 𝑌 = 𝛽o + 𝑐𝑋	

5. 𝑀 = 𝛽o + 𝑎𝑋	

6. 𝑌 = 𝛽o + 𝑐q𝑋 + 𝑏𝑀	
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In	addition	to	Baron	&	Kenny’s	approach,	we	also	used	the	PROCESS	macro	for	SAS	to	test	the	

significance	of	the	mediation	effect	(i.e.	the	indirect	effect	of	shift	work	on	cardiometabolic	risk	via	

cortisol).33	To	test	the	significance	of	the	indirect	effect	(path	ab),	bias-corrected	95%	confidence	

intervals	around	the	indirect	effect	were	constructed	using	bootstrapping.	The	indirect	effect	is	

considered	statistically	significant	if	the	confidence	interval	does	not	include	the	null	value.33	

Bootstrapping	is	a	non-parametric	resampling	procedure	that	does	not	assume	normality	of	the	

sampling	distribution,	and	is	the	recommended	approach	for	testing	the	significance	of	the	indirect	

effect.34	

In	terms	of	confounder	assessment,	several	lifestyle	and	behaviour	factors	were	considered.	

Behavioural	and	lifestyle	changes	can	be	hypothesized	as	mechanisms	in	the	multifactorial	

relationship	existing	between	shift	work	and	CVD	risk,	that	are	along	the	causal	pathway,	but	many	

studies	inaccurately	consider	these	factors	as	confounders.	In	these	analyses,	only	those	variables	

that	are	not	on	the	causal	pathway	between	shift	work	and	cortisol	or	cardiometabolic	risk	are	

considered	as	potential	confounders,	assessed	empirically	through	a	change-in-estimate	approach:35	

if	a	variable	not	on	the	casual	pathway	changed	the	estimate	for	shift	work	or	cortisol	by	≥10%,	it	

was	included	in	the	analysis.	Two	sensitivity	analyses	were	also	performed	to	test	the	robustness	of	

our	results.	Principal	component	analysis	was	used	to	create	a	standardized	CMR	score	from	our	

sample.	In	addition,	past	shift	work	was	controlled	for	in	the	original	models.	All	data	analyses	were	

performed	using	SAS	version	9.4	(SAS	Institute	Inc.,	Cary,	NC,	2013).				

4.5	Results	

Characteristics	of	study	population	

Average	age	was	38.8	years	and	44.8	years	for	shift	and	day	workers,	respectively,	and	the	

majority	of	both	groups	had	at	least	a	post-secondary	education.	Shift	workers	were	more	likely	to	

be	nurses,	reported	experiencing	less	high	life	stress,	were	less	likely	to	currently	smoke,	and	less	
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likely	to	drink	alcohol	on	a	weekly	basis.	Shift	workers	were	also	more	likely	to	have	an	evening-

oriented	chronotype	in	comparison	to	day	workers.	There	was	no	difference	in	job	strain,	

menopausal	status,	BMI,	education,	and	consumption	of	caffeinated	beverages	between	shift	

workers	and	day	workers	(Table	4.1).	

Cortisol	parameters	and	cardiometabolic	risk	

In	terms	of	cortisol,	shift	workers	have	lower	average	AUCG	levels	in	comparison	to	day	

workers,	reflecting	lower	average	24-hr	output	among	shift	workers.	Shift	workers	have	higher	

magnitudes	of	variation	in	AUCI,	reflecting	higher	variation	in	diurnal	pattern	in	comparison	to	day	

workers.	No	difference	is	seen	in	average	AUCI	and	magnitude	of	AUCG	variation.	In	addition,	current	

shift	workers	are	more	likely	to	have	metabolic	syndrome	than	day	workers	(21%	vs.	12%	

respectively,	OR:	2.71,	95%	CI:	1.42,	5.18)	and	have	a	higher	CMR	score	(β:	0.49,	95%	CI:	0.17,	0.82),	

adjusted	for	age.	In	terms	of	cardiometabolic	components,	shift	workers	have	higher	mean	fasting	

blood	glucose	levels	and	higher	mean	triglyceride	levels.	While	not	statistically	different,	shift	

workers	trended	towards	having	higher	mean	waist	circumferences	and	mean	blood	pressure	levels	

in	comparison	to	day	workers.	No	difference	is	seen	in	mean	HDL	cholesterol	(Table	4.2).	The	mean	

values	for	waist	circumference	in	both	shift	workers	and	day	workers	are	also	above	recommended	

guidelines	(≥80	cm),	showcasing	the	high	prevalence	of	overweight	and	obesity	in	this	sample.	

Figure	4.2	contrasts	the	average	cortisol	profile	during	the	day	shift	cycle,	where	profiles	are	

stratified	by	metabolic	syndrome	status.	Since	the	general	shape	of	the	diurnal	cortisol	profile	

during	the	day	shift	cycle	was	similar	in	both	day	workers	and	shift	workers,	they	were	combined.	

The	day	cortisol	profile	is	consistent	with	the	typical	diurnal	pattern;	however,	a	lower	output	of	

cortisol	is	seen	in	workers	with	metabolic	syndrome.	Cortisol	patterns	between	both	curves	are	

relatively	similar,	although	a	blunted	awakening	peak	is	apparent	in	workers	with	metabolic	

syndrome	in	comparison	to	those	without	metabolic	syndrome.		
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Figure	4.3	illustrates	the	average	cortisol	profile	during	the	night	shift	cycle	of	only	shift	

workers.	The	cortisol	profile	during	the	night	shift	cycle	deviated	from	the	expected	pattern.	The	

overall	pattern	for	night	workers	without	metabolic	syndrome	is	flattened	in	comparison	to	night	

workers	with	metabolic	syndrome.	This	suggests	that	shift	workers	with	metabolic	syndrome	may	

have	a	higher	variability	in	cortisol	pattern	and	production	during	night	work.	A	second	peak	around	

17	hours	is	also	seen	in	both	cortisol	curves.	In	shift	workers	with	metabolic	syndrome,	this	second	

peak	appears	to	be	higher	than	shift	workers	without	metabolic	syndrome,	although	it	is	hard	to	

discern	if	this	is	a	true	difference	in	an	unadjusted	comparison.	

Mediation	analysis	

Table	4.3	presents	the	results	of	the	mediation	analysis	for	the	outcome	of	metabolic	

syndrome	(MetS).	Shift	work	is	associated	with	124.04	µmol/mol	of	creatinine	(95%	CI:	-188.1,	-59.9)	

lower	average	AUCG	in	comparison	to	day	workers,	and	a	31.3%	(95%	CI:	0.8,	70.9)	greater	

magnitude	of	variation	in	AUCI,	after	adjusting	for	confounders;	however,	shift	work	is	not	

associated	with	average	AUCI	and	magnitude	of	AUCG	variation	(path	a).	This	indicates	that	shift	

workers	have	a	lower	quantity	of	cortisol	production	and	higher	variation	in	cortisol	pattern	over	a	

2-day	period	in	comparison	to	day	workers.	Average	AUCG	and	magnitude	of	variation	of	AUCG	are	

associated	with	MetS,	after	controlling	for	shift	work	and	confounding	variables,	but	not	with	

average	AUCI,	or	AUCI	magnitude	of	variation	(path	b).	For	every	increase	in	standard	deviation	of	

AUCG,	the	odds	of	MetS	decreases	by	29%	(95%	CI:	0.50,	0.99).	For	every	10%	increase	in	magnitude	

of	variation	of	AUCG,	a	2.89%	decrease	(95%	CI:	-5.21,	-0.56)	decrease	in	the	odds	of	MetS	is	

apparent.	This	suggests	that	average	cortisol	output	and	higher	variation	in	cortisol	output,	

independent	of	shift	work,	are	associated	with	a	decreased	odds	in	MetS.	When	examining	the	

mediating	effect	(path	ab),	no	variable	tested	has	an	indirect	effect.	In	addition,	the	criteria	for	

mediation	are	not	met	for	average	AUCI	or	either	magnitude	of	variation,	indicating	they	are	not	
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mediators	in	the	pathway.	While	average	AUCG	did	meet	the	criteria	for	mediation,	the	indirect	

effect	was	not	statistically	significant,	indicating	it	is	not	a	mediator.	These	results	provide	evidence	

that	cortisol	is	not	a	mechanism	in	which	shift	workers	are	at	an	increased	odds	for	MetS.	

Table	4.4	presents	the	results	of	the	mediation	analysis	for	the	outcome	of	the	

cardiometabolic	risk	(CMR)	score.	Shift	work	is	associated	with	124.04	µmol/mol	of	creatinine	(95%	

CI:	-188.1,	-59.9)	lower	average	AUCG	in	comparison	to	day	workers,	and	a	31.3%	(95%	CI:	0.8,	70.9)	

greater	magnitude	of	variation	in	AUCI,	after	adjusting	for	confounders;	however,	shift	work	is	not	

associated	with	average	AUCI	and	magnitude	of	AUCG	variation	(path	a).	This	indicates	that	shift	

workers	produce	a	lower	quantity	of	cortisol	production	and	have	higher	variation	in	cortisol	pattern	

over	a	2-day	period	in	comparison	to	day	workers.	Average	AUCG	and	magnitude	of	AUCG	variation,	

but	not	average	AUCI	and	magnitude	of	AUCI	variation,	are	associated	with	the	CMR	score	when	

controlling	for	shift	work	and	confounding	variables	(path	b).	For	every	increase	in	standard	

deviation	of	AUCG,	the	CMR	score	decreases	by	0.23	(95%	CI:	-0.34,	-0.07),	and	for	every	10%	

increase	in	magnitude	of	variation	for	AUCG,	the	CMR	score	decreases	by	0.014	(95%	CI:	-0.03,	-

0.002).	This	suggests	that	higher	levels	of	cortisol	output	and	variability	in	output,	independent	of	

shift	work,	are	associated	with	a	decrease	in	CMR	score.	When	examining	the	mediating	effect	(path	

ab),	only	average	AUCG	has	an	indirect	effect,	since	the	95%	CI	did	not	cross	the	null	value	of	0	(β:	

0.08,	95%	CI:	0.02,	0.19).	Further,	the	association	between	shift	work	and	CMR	(path	c’)	is	

attenuated	when	controlling	for	AUCG,	indicating	that	average	AUCG	is	a	mediator	in	the	

relationship.	In	terms	of	the	ratio	of	the	indirect	effect	to	the	total	effect,	the	contribution	of	

average	AUCG	is	15%,	representing	the	proportion	of	the	total	effect	that	is	mediated.	Since	the	

criteria	for	mediation	analysis	are	not	met,	and	there	is	not	an	indirect	effect	for	AUCI	or	either	

magnitude	of	variation,	these	are	not	mediators	in	the	pathway.	These	results	provide	evidence	that	
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average	total	cortisol	production	is	an	intermediate	in	the	pathway	between	shift	work	and	

cardiometabolic	risk.		

To	test	the	robustness	of	our	results,	we	created	a	standardized	CMR	score	using	principal	

component	analysis	on	our	study.	The	results	were	very	similar	to	our	original	model	with	the	Hillier	

and	colleagues	score	(see	Appendix	D).	Furthermore,	since	past	shift	work	experience	may	also	

explain	the	relationship	between	current	shift	work,	cortisol,	and	cardiometabolic	risk,	another	

sensitivity	analysis	was	conducted	controlling	for	past	shift	work.	The	results	were	also	very	similar	

to	our	original	models,	indicating	that	past	shift	work	does	not	significantly	change	the	relationship	

between	current	shift	work,	cortisol,	and	cardiometabolic	risk.		

4.6	Discussion	

	 In	this	study,	current	rotating	shift	workers	have	lower	average	total	cortisol	production	

than	day	workers,	and	had	a	higher	cardiometabolic	risk	score	and	a	higher	odds	of	metabolic	

syndrome.	Investigating	the	potential	mediating	effect	of	cortisol	in	the	relationship	between	shift	

work	and	cardiometabolic	risk,	we	found	that	average	total	cortisol	production	partially	mediates	

the	relationship	between	current	shift	work	status	and	the	cardiometabolic	risk	score.	This	

mediation	is	not	apparent	when	using	the	binary	cutoffs	for	criteria	defining	the	metabolic	

syndrome.	There	is	no	evidence	of	mediation	for	average	cortisol	pattern,	or	for	either	measure	of	

cortisol	variation.	

To	our	knowledge,	this	is	the	first	study	examining	the	association	between	shift	work	and	a	

cardiometabolic	risk	score	in	women.	Among	rotating	shift	workers,	the	cardiometabolic	risk	score	is	

0.45	(95%	CI:	0.12,	0.78)	higher	than	among	day	workers,	adjusting	for	age,	education	and	

menopausal	status.	According	to	Hillier	and	colleagues26,	this	corresponds	to	a	27%	increase	in	the	

odds	of	incident	CVD	among	shift	workers	over	a	9-year	period	(see	Appendix	C	for	calculation).	

However,	this	estimate	should	be	interpreted	with	caution,	as	this	score	has	not	been	validated	in	a	
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Canadian	population.	A	strong	association	is	also	found	in	our	study	between	shift	work	and	the	

metabolic	syndrome	definition	using	binary	criteria,	with	an	OR	of	2.41	(95%	CI:	1.25,	4.64),	a	much	

larger	magnitude	than	reported	in	a	meta-analysis.7	One	reason	for	this	difference	is	that	metabolic	

syndrome	is	a	prevalent	condition	in	Canada,36	and	the	odds	ratio	we	found	likely	overestimates	

relative	risk	estimates	found	in	other	studies.	Other	reasons	for	a	difference	could	include	different	

definitions	of	shift	work,	different	diagnostic	criteria	for	metabolic	syndrome,	inclusion	of	both	men	

and	women	and	various	ethnicities	in	the	meta-analysis.	Many	studies	also	inaccurately	control	for	

variables	such	as	sleep	duration	and	lifestyle	behaviours	that	lie	on	the	causal	pathway	and	are	thus	

mediators	of	effect	rather	than	confounders.	

We	chose	to	investigate	total	cortisol	production	and	cortisol	pattern	as	mediators	since	our	

previous	research	shows	the	shift	workers	have	lower	cortisol	output	and	flatter	diurnal	patterns	

during	night	shifts.14	We	also	investigated	variation	in	cortisol	since	cortisol	pattern	and	production	

in	shift	workers	varied	on	night	shifts	in	comparison	to	day	shifts.14	In	our	study,	shift	work	is	

associated	with	lower	average	total	cortisol	production	over	a	2-day	period,	and	changes	in	the	

variation	of	cortisol	pattern;	however,	shift	work	is	not	associated	with	changes	in	the	variation	of	

total	cortisol	production	or	average	cortisol	pattern.	While	not	associated	with	shift	work,	variation	

in	total	cortisol	production	is	associated	with	both	cardiometabolic	risk	outcomes	when	controlling	

for	shift	work.	This	suggests	that	a	lower	variation	in	cortisol	production,	independent	of	shift	work,	

is	associated	with	an	increased	odds	of	metabolic	syndrome	and	a	higher	cardiometabolic	risk	score.	

It’s	unclear	why	lower	variation	in	cortisol	output	increases	the	likelihood	of	cardiometabolic	risk,	as	

no	research	could	be	found	that	investigated	this	association.	It	could	be	that	lower	variation	in	

output	is	a	result	of	a	chronically	activated	HPA	axis,	that	is	less	adaptive	to	changes	in	response	to	

environmental	stimuli	and	stressors.37	However,	further	research	is	needed	over	a	longer	period	

than	2-days	to	validate	these	findings.	Average	cortisol	pattern	over	a	2-day	period	and	variations	in	
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pattern	are	not	associated	with	cardiometabolic	risk	after	controlling	for	shift	work,	suggesting	that	

patterns	in	cortisol	are	not	related	to	cardiometabolic	risk.	This	is	consistent	with	a	recent	cross-

sectional	study	(n=726)	that	found	diurnal	cortisol	pattern	was	not	associated	with	metabolic	

syndrome.20		

In	this	study,	total	cortisol	production	partially	mediates	the	relationship	between	shift	work	

and	a	cardiometabolic	risk	score,	where	15%	of	the	total	effect	(i.e.	the	relationship	between	shift	

work	and	cardiometabolic	risk	score)	is	mediated	by	average	total	cortisol	production.	However,	

when	the	outcome	is	instead	the	metabolic	syndrome	using	the	dichotomous	cut-offs	for	each	

component,	average	total	cortisol	production	is	not	a	mediator.	One	explanation	for	this	difference	

in	results	could	be	due	to	loss	of	power	when	dichotomizing	components	of	the	metabolic	

syndrome.	This	is	apparent	when	examining	the	indirect	effect	(path	ab)	for	the	mediation	analysis	

of	shift	work,	average	total	cortisol	production,	and	metabolic	syndrome.	When	examining	the	

indirect	effect,	the	95%	confidence	interval	(95%	CI:	1.00,	1.44)	is	close	to	being	statistically	

significant.	However,	differences	in	results	could	also	be	because	the	binary	definition	assumes	that	

all	the	components	contribute	equal	risks	to	the	development	of	metabolic	syndrome,	unlike	the	

cardiometabolic	risk	score.26			

Further,	average	cortisol	pattern,	and	magnitude	of	variation	in	total	production	or	cortisol	

pattern,	are	not	mediators	in	the	relationship.	While	past	research	show	that	variation	in	cortisol	

pattern	and	production	is	seen	in	night	shift	work,14	these	results	indicate	it	is	average	diurnal	

production	that	lies	on	the	causal	pathway	between	shift	work	and	CVD	risk.	Our	results	are	also	

shown	to	be	robust	using	two	sensitivities	analyses,	illustrating	that	the	CMR	score	by	Hillier	and	

colleagues	was	appropriate	for	our	sample,	and	that	past	shift	work	does	not	greatly	change	the	

relationship.	Overall,	the	lack	of	mediation	in	the	metabolic	syndrome	model	and	the	small	

mediating	effect	in	the	cardiometabolic	risk	score	model	suggest	that	quantity	of	cortisol	production	
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is	only	a	partial	mediator	in	the	relationship	between	shift	work	and	cardiometabolic	risk.	This	

highlights	the	complexity	and	multifactorial	nature	of	this	pathway,	and	suggests	that	there	are	

other	factors	that	should	be	considered	as	intermediates	in	this	relationship.		

A	number	of	biological	mechanisms	may	explain	why	decreased	average	cortisol	production	

increases	the	likelihood	of	cardiometabolic	risk.	Cortisol	exerts	a	multitude	of	effects	on	the	body,	

including	roles	in	glucose	and	free	fatty	acid	metabolism,	the	autonomic	nervous	system,	the	

inflammatory	system,	and	sex	and	growth	hormones.38,39	Disruption	in	the	regulation	of	cortisol	is	

likely	to	lead	to	dysfunction	of	these	systems.	The	hypothalamic-pituitary-adrenal	(HPA)	axis	is	the	

body’s	regulatory	system	that	controls	cortisol	release,	and	dysfunction	in	the	HPA	axis	has	been	

proposed	to	play	a	role	in	the	development	of	CVD.38	Further,	sleep	duration	has	also	been	found	as	

a	mediator	in	the	association	between	shift	work	and	metabolic	syndrome.40	Past	studies	show	that	

sleep	restriction	disrupts	cortisol	pattern	and	production.41,42	It	is	hypothesized	that	acute	sleep	

restriction	due	to	shift	work,	which	has	also	been	linked	to	a	number	of	cardiometabolic	risk	

indices,43,44	could	serve	as	a	mechanism	that	disrupts	cortisol	production.	

This	study	has	several	strengths.	To	our	knowledge,	it	is	the	first	study	to	investigate	the	

mediation	of	cortisol	in	the	relationship	of	shift	work	and	cardiometabolic	risk	overall,	and	the	first	

to	test	the	relationship	between	shift	work	and	a	continuous	cardiometabolic	score	in	women.	

While	the	cardiometabolic	risk	score	has	not	been	validated	in	a	Canadian	population,	the	mean	

values	from	Canada	and	our	sample	are	similar	to	the	cohort	in	France	among	whom	the	score	was	

derived,	with	the	main	differences	being	a	higher	mean	abdominal	circumference	and	lower	mean	

blood	pressure	in	our	specific	sample	and	among	the	Canadian	population.26,45,46	Another	strength	is	

that,	in	contrast	to	highly	controlled	laboratory	settings,	the	observational	nature	of	this	study	

enabled	us	to	capture	cortisol	fluctuations	under	realistic	circumstances	at	work	and	at	home	where	

behaviors	such	as	napping	or	eating	can	affect	cortisol.	In	addition,	the	use	of	bootstrapping	to	
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calculate	95%	confidence	intervals	for	the	indirect	effect	provides	a	more	robust	estimate	of	the	

mediating	effect,	in	comparison	to	traditional	methods	that	assume	normality	in	the	sampling	

distribution.34	

Some	limitations	in	this	study	include	the	cross-sectional	nature	which	prevents	the	

assessment	of	temporality;	however,	associations	can	still	be	assessed.	Misclassification	in	cortisol	is	

possible,	although	if	it	exists	it	is	likely	non-differential,	and	would	attenuate	the	measure	of	

association	towards	the	null	value.	Despite	some	potential	misclassification	of	cortisol,	there	is	no	

gold	standard	for	measuring	cortisol,	and	urinary	cortisol	is	a	practical	method	for	measuring	

cortisol	in	observational	studies.	Another	limitation	is	that	there	is	uncertainty	over	what	is	most	

harmful	to	health;	persistent	low	levels	of	cortisol,	or	high	levels	of	variation	in	cortisol.	In	addition,	

future	studies	should	measure	cortisol	during	non-work	days	and	for	a	longer	period	of	time	to	

capture	the	full	cortisol	pattern.	Our	use	of	the	magnitude	of	variation	did	not	consider	

directionality	(i.e.	whether	individuals	with	greater	increases	vs.	decreases	in	cortisol	output	had	

greater	cardiometabolic	risk),	since,	due	to	the	non-linearity	of	the	variables,	directionality	in	the	

variation	would	need	to	be	categorized	as	a	nominal	variable.	It	is	recommended	that	future	studies	

investigate	directionality	of	magnitude	of	variation	as	a	mediator	using	robust	mediation	regression	

techniques	or	structural	equation	modeling.47	

In	conclusion,	these	results	provide	evidence	that	total	cortisol	production	is	one	

mechanism	by	which	shift	workers	are	at	an	increased	likelihood	for	cardiometabolic	risk.	Cortisol	

pattern	and	variation	in	cortisol	output	and	pattern	were	not	mediators	in	this	study.	However,	the	

small	mediating	effect	of	cortisol	production	suggests	that	other	factors	likely	contribute	to	the	

association	between	shift	work	and	cardiometabolic	risk.	Future	research	should	consider	a	longer	

collection	of	cortisol	production	within	a	broad-ranging	multifactorial	approach	to	understanding	

the	relationship	between	shift	work	and	CVD.	This	includes	consideration	of	other	potential	



	 82	

mediators	such	as	sleep,	work	stress,	lifestyle	behaviors,	and	other	measures	of	circadian	disruption	

such	as	melatonin.	
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4.7	Table	and	Figures	
	
	

	
	

	
Figure	4.1:	Conceptual	model	of	the	relationships	between	shift	work,	cortisol,	and	cardiometabolic	risk	
(CMR).	Path	c	represents	the	total	effect,	path	c’	reflects	the	direct	effects,	and	paths	a	and	b	reflect	the	
indirect	effect.	
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Table	4.1:	Baseline	characteristics	of	the	study	populationa.	

	 Shift	workers	
(n=	166)	

Day	workers	
	 	 (n=160)	

p-valueb	

Age		 38.8	(11.5)	 44.8	(10.0)	 <0.01*	
Post-menopausal		 51	(30.7)	 59	(36.9)	 0.24	
Education	
					High-school/post-secondary	(diploma,	certificate)	
					Undergraduate,	graduate,	other	
					Missing	

	
87	(52.4)	
78	(47.0)	
1	(0.6)	

	
96	(60.0)	
62	(38.8)	
2	(1.2)	

	
0.15	

Employment	Category	
					Nursing	
					Otherc	

	
141	(84.9)	
25	(15.1)	

	
76	(47.5)	
84	(52.5)	

<0.01*	

Chronotyped	 3.65	(1.3)	 3.30	(0.9)	 <0.01*	
BMI	(kg/m2)	 27.9	(6.1)	 27.0	(5.9)	 0.15	
Achieved	physical	activity	recommendationse	

					Yes	
					No	
					Missing	

	
75	(45.2)	
70	(42.2)	
21	(12.6)	

	
63	(39.4)	
79	(49.4)	
18	(11.2)	

	
0.21	

Smoker	status	
					Current	
					Past	smoker	
					Non-current	
					Missing	

	
9	(5.4)	

34	(20.5)	
122	(73.5)	
1	(0.6)	

	
21	(13.1)	
43	(26.9)	
95	(59.4)	
1	(0.6)	

	
0.01*	

Drink	>3	caffeinated	beverages/day	
					Usually/often/sometimes	
					Rarely/never	
					Missing	

	
91	(54.8)	
75	(45.2)	
0	(0)	

	
77	(48.1)	
82	(51.3)	
1	(0.6)	

	
0.25	

Alcohol	consumption	
					Drinks	alcohol	>2	times	a	week	
					Drinks	alcohol	1-4	times	a	month	
					Rarely	or	never	drinks	alcohol	
					Missing	

	
37	(22.3)	
74	(44.6)	
54	(32.5)	
1	(0.6)	

	
57	(35.6)	
61	(38.1)	
41	(25.6)	
1	(0.6)	

	
0.03*	

High	life	stresse	
					Present	
					Not	present	
					Missing	

	
20	(12.0)	
138	(83.1)	
8	(4.9)	

	
32	(20.0)	
120	(75.0)	
8	(5.0)	

	
0.04*	

Job	strainf	
					High	
					Active	
					Passive	
					Low	

	
50	(30.1)	
39	(23.5)	
41	(24.7)	
36	(21.7)	

	
37	(23.1)	
29	(18.1)	
54	(33.8)	
40	(25.0)	

	
0.15	

*p<0.05	
a.	Data	are	presented	as	mean	(SD)	or	n	(%)	for	proportions	
b.	Continuous	variables	compared	using	a	t-test.	Categorical	variables	compared	using	Chi-square	test.	Two-
sided	p-value	
c.	Nutrition	services,	lab	technician,	radiation	therapist,	environmental	services,	ergonomist,	education,	
research,	total	compensation	association,	abilities	claim	specialist,	concurrent	reviewer,	child	life	specialist	
d.	Mid-sleep	time	on	free	days	using	the	Munich	Chrontoype	Questionnaire	
e.	According	to	World	Health	Organization	guidelines			
f.	Classified	according	to	Karasek’s	job	strain	model	 	
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Table	4.2:	Description	of	cortisol	and	cardiometabolic	risk	and	risk	factors,	by	current	shift	work	statusa.	

	 Shift	worker	
(n=	166)	

Day	worker	
(n=160)	

Age-
adjusted	
p-valueb	

Age-adjusted	
estimate	(95%	CI)	

AUCG	 996.56	(286.1)	 1139.22	(291.2)	 <0.01*	 -116.07		
(-180.54,	-51.59)*	

AUCI	 3.21	(378.5)	 33.77	(468.2)	 0.40	 -40.89		
(-137.06,	55.28)	

Magnitude	of	variation	–	AUCG
	 297.14	(265.4)	 272.23	(232.6)	 0.41	 12.75	

(15.63,	50.68)c	

Magnitude	of	variation	–	AUCI
	 675.63	(506.4)	 560.24	(458.8)	 0.03*	 32.31		

(2.21,	67.27)*c	

Blood	pressure	(mm	Hg)	
					Systolic	
					Diastolic	

	
113.01	(13.8)	
72.56	(8.4)	

	
113.06	(14.8)	
71.56	(9.2)	

	
0.05	
0.06	

	
2.98	(-0.03,	5.99)	
1.87	(-0.10,	3.84)	

Waist	circumference	(cm)	 87.91	(15.0)	 85.63	(14.5)	 0.07	 3.11	(-0.21,	6.43)	
Serum	triglycerides	 1.10	(0.92)	 0.96	(0.71)	 0.04*	 14.44	(0.85,	29.88)*d	

HDL	cholesterol	(mmol/L)	 1.56	(0.38)	 1.59	(0.38)	 0.60	 -0.03	(-0.11,	0.06)	
Fasting	blood	glucose	(mmol/L)	 5.14	(0.79)	 5.08	(0.56)	 0.04*	 2.70	(0.07,	5.40)*e	
Metabolic	syndrome	
					Present	
					Not	present	

	
35	(21.0)	
132	(79.0)	

	
19	(11.9)	
141	(88.1)	

	
<0.01*	

	
2.71		

(1.42,	5.18)*f	
CMR	Score	 0.16	(1.6)	 -0.10	(1.5)	 <0.01*	 0.49		

(0.17,	0.82)*	
*p<0.05	
a. Data	are	presented	as	mean	(SD)	or	n	(%)	for	proportions	
b. Age-adjusted	p-values	derived	from	multiple	linear	regression	or	multiple	logistic	regression.	Two-

sided	p-value	
c. Percent	change	in	magnitude	of	variation	
d. Percent	change	in	triglycerides	
e. Percent	change	in	fasting	blood	glucose	
f. Odds	ratio	
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Table	4.3:	Mediation	analysis	of	the	relationship	between	shift	work	and	metabolic	syndrome	by	cortisol	
parametersa.	

Mediator	 n	 Path	a	
	(β,	95%	CI)	

Path	b	
	(OR,	95%	CI)	

Path	c’	
	(OR,	95%	CI)	

Path	c	
(OR,	95%	CI)	

Path	ab	
	(OR,	95%	

CI)	
AUCG	 325	 -124.04	

	(-188.11,	-
59.98)*	

0.71	
	(0.50,	0.99)*b	

2.16	
	(1.10,	4.24)*	

2.41	
(1.25,	4.64)*	

1.15	
(1.00,	1.44)	

AUCI	 324	 -48.06	
(-140.11,	43.99)	

0.92	
	(-0.66,	1.28)b	

2.43	
	(1.26,	4.68)*	

2.41	
(1.25,	4.64)*	

1.01	
(0.98,	1.12)	

Magnitude	
of	variation	
of	AUCG	

308	 0.11	
(-0.19,	0.41)c		

0.74	
(0.58,	0.94)*e	

3.25		
(1.60,	6.61)*	

2.41	
(1.25,	4.64)*	

0.97	
(0.85,	1.05)	

Magnitude	
of	variation	
of	AUCI	

308	 0.27	
(0.01,	0.54)*d	

1.08	
(0.79,	1.47)f	

2.96	
(1.47,	5.96)*	

2.41	
(1.25,	4.64)*	

1.02	
(0.95,	1.16)	

*p<0.05	
†	Per	µmol/mol	of	creatinine	
a.	All	models	are	adjusted	for	age,	education,	and	menopausal	status	
b.	Per	1-unit	increase	in	standard	deviation	of	mediator	(µmol/mol	of	creatinine)	
c.	Coefficient	is	in	natural	log	transformation.	Corresponds	to	a	11.6%	change	(95%	CI:	-16.9,	50.5)	in	
magnitude	of	variation	
d.	Coefficient	is	in	natural	log	transformation.	Corresponds	to	a	31.3%	change	(95%	CI:	0.8,	70.9)	in	magnitude	
of	variation	
e.	Per	1-unit	increase	in	natural	log	of	magnitude	of	variation	(MV).	Corresponds	to	a	2.89%	decrease	(95%	CI:	
-5.21,	-0.56)	in	MetS	odds	for	every	10%	increase	in	MV	
f.	Per	1-unit	increase	in	natural	log	of	magnitude	of	variation	(MV).	Corresponds	to	a	0.70%	increase	(95%	CI:	-
2.26,	3.66)	in	MetS	odds	for	every	10%	increase	in	MV	
	
Note:	
Path	a	–	Path	from	shift	work	to	the	mediating	variable	
Path	b	–	Path	from	mediating	variable	to	MetS,	while	controlling	for	shift	work	
Path	c’	–	Path	from	shift	work	to	MetS,	while	controlling	for	the	mediating	variable	
Path	c	–		Direct	path	from	shift	work	to	MetS	
Path	ab	–	Indirect	path	from	shift	work	to	MetS	(i.e.	the	mediating	effect).	Path	ab	coefficients	represents	10,000	
bootstrapped	samples	and	bias-corrected	95%	confidence	intervals	
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Table	4.4:	Mediation	analysis	of	the	relationship	between	shift	work	and	the	cardiometabolic	risk	(CMR)	score	
by	cortisol	parametersa.	

Mediator	 n	 Path	a	
	(β,	95%	CI)	

Path	b	
	(β,	95%	CI)	

Path	c’	
	(β,	95%	CI)	

Path	c	
(β,	95%	CI)	

Path	ab	
	(β,	95%	CI)	

AUCG†	 325	 -124.04	
	(-188.11,	-59.98)*	

-0.23	

	(-0.40,	-0.07)*b	
0.38	

(0.04,	0.71)*	
0.45		

(0.12,	0.78)*	
0.08	

(0.02,	0.19)*	

AUCI†	 324	 -48.06	
(-140.11,	43.99)	

-0.12	
	(-0.29,	0.05)b	

0.45	
	(0.13,	0.78)*	

0.45		
(0.12,	0.78)*	

0.01	
(-0.01,	0.08)	

Magnitude	
of	variation	
–	AUCG	

308	 0.11	
(-0.19,	0.41)c	

-0.15	
(-0.27,	-0.02)*e	

0.56	
(0.23,	0.89)*	

0.45		
(0.12,	0.78)*	

-0.02	
(-0.09,	0.02)	

Magnitude	
of	variation	

–	AUCI	

308	 0.27	
(0.01,	0.54)*d	

0.03	
(-0.12,	0.17)f	

0.54	
(0.20,	0.87)*	

0.45		
(0.12,	0.78)*	

0.01	
(-0.03,	0.06)	

*p<0.05	
†	Per	µmol/mol	of	creatinine	
a.	All	models	are	adjusted	for	age,	education,	and	menopausal	status	
b.	Per	1-unit	increase	in	standard	deviation	of	mediator	
c.	Coefficient	is	in	natural	log	transformation.	Corresponds	to	a	11.6%	change	(95%	CI:	-16.9,	50.5)	in	MV	
d.	Coefficient	is	in	natural	log	transformation.	Corresponds	to	a	31.3%	change	(95%	CI:	0.8,	70.9)	in	MV	
e.	Per	1-unit	increase	in	natural	log	of	magnitude	of	variation.	Corresponds	to	0.014	decrease	(95%	CI:	-0.03,	-
0.002)	in	CMR	score	for	every	10%	increase	in	MV	
f.	Per	1-unit	increase	in	natural	log	of	magnitude	of	variation	(MV).	Corresponds	to	0.003	increase	(95%	CI:	-
0.01,	0.02)	in	CMR	score	for	every	10%	increase	in	MV	
	
Note:	
Path	a	–	Path	from	shift	work	to	the	mediating	variable	
Path	b	–	Path	from	mediating	variable	to	the	CMR	score,	while	controlling	for	shift	work	
Path	c’	–	Path	from	shift	work	to	CMR	score,	while	controlling	for	the	mediating	variable	
Path	c	–		Direct	path	from	shift	work	to	CMR	score	
Path	ab	–	Indirect	path	from	shift	work	to	CMR	score	(i.e.	the	mediating	effect).	Path	ab	coefficients	represents	10,000	
bootstrapped	samples	and	bias-corrected	95%	confidence	intervals	
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Figure	4.2:	Cortisol	by	metabolic	syndrome	status	on	day	shifts	(both	shift	workers	and	day	workers	
combined).	Cortisol	fluctuations	based	on	time	since	awakening.	
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Figure	4.3:	Cortisol	by	metabolic	syndrome	status	on	night	shifts	of	only	shift	workers.	Cortisol	fluctuations	
based	on	time	since	awakening.	
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Chapter	5 	
	

Discussion	

	
5.1	Main	Findings	

The	purpose	of	this	thesis	is	to	determine	the	mediating	effect	of	cortisol	on	the	relationship	

between	current	shift	work	status	and	cardiometabolic	risk.	In	this	thesis,	four	mediators	were	

investigated:	quantity	of	cortisol	production,	cortisol	pattern,	and	their	respective	magnitudes	of	

variation.	Two	outcomes	were	investigated:	the	binary	definition	of	metabolic	syndrome	and	a	

cardiometabolic	risk	score.	The	findings	of	this	thesis	highlight	the	complexities	in	the	relationship	

between	shift	work,	cortisol	and	cardiometabolic	risk.	The	following	text	discusses	these	findings	in	

further	detail.	

5.1.1	Cortisol	parameters	as	mediators	of	the	relationship	between	shift	work	and	metabolic	

syndrome	

The	manuscript	in	Chapter	4	addressed	the	objective	of	this	study,	which	is	to	explore	the	

potential	mediating	effect	of	cortisol	in	the	relationship	between	shift	work	and	cardiometabolic	

risk.	Metabolic	syndrome	was	chosen	as	an	outcome	of	interest	since	it	is	a	known	risk	factor	for	

future	cardiovascular	disease	(CVD).1,2		We	found	that	shift	work	is	associated	with	a	higher	odds	of	

metabolic	syndrome	(OR:	2.41,	95%	CI:	1.25,	4.64)	after	adjusting	for	confounders.	According	to	the	

criteria	for	mediation	analysis,	there	is	no	evidence	in	this	study	that	quantity	of	cortisol	production,	

cortisol	pattern	or	their	respective	magnitudes	of	variation	mediate	the	relationship	between	shift	

work	and	metabolic	syndrome.	While	shift	work	is	associated	with	lower	average	cortisol	production	

and	a	greater	magnitude	of	variation	in	cortisol	diurnal	pattern,	the	indirect	paths	were	not	

statistically	significant.	Lower	quantity	of	cortisol	production	and	a	lower	magnitude	of	variation	in	
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quantity	of	cortisol	production	are	also	associated	with	metabolic	syndrome	when	controlling	for	

shift	work.	This	suggests	that	lower	variation	in	cortisol	output	and	lower	average	cortisol	output	

over	a	two-day	period,	independent	of	shift	work,	is	associated	with	an	increased	odds	of	metabolic	

syndrome.	Overall,	these	results	do	not	confirm	that	cortisol	production	is	a	mechanism	in	which	

shift	workers	are	at	an	increased	likelihood	for	metabolic	syndrome.	However,	this	study	does	

provide	evidence	that	quantity	and	variation	in	cortisol	production	are	associated	with	metabolic	

syndrome,	regardless	of	shift	work	status.	

5.1.2	Cortisol	parameters	as	mediators	of	the	relationship	between	shift	work	and	a	CMR	score	

A	cardiometabolic	risk	(CMR)	score	was	chosen	as	a	second	outcome	of	interest,	since	loss	

of	information	can	occur	when	using	a	dichotomous	outcome	based	on	current	metabolic	syndrome	

definitions.3,4	Traditional	metabolic	syndrome	criteria	are	limited	by	only	identifying	risk	when	a	

person	exhibits	abnormalities	beyond	the	cut-offs	of	three	of	the	components,	and	assumes	that	

each	component	contributes	equal	risk.4	

	Using	the	continuous	score	by	Hillier	and	colleagues3,	we	found	that	shift	work	is	associated	

with	a	higher	CMR	score	(β:	0.45,	95%	CI:	0.12,	0.78),	adjusted	for	confounders.	According	to	the	

criteria	for	mediation	analysis,	average	quantity	of	cortisol	production	mediates	the	relationship	

between	shift	work	and	the	CMR	score.	However,	cortisol	pattern,	or	magnitudes	of	variation	in	

cortisol	pattern	and	production	did	not	mediate	this	relationship.	Further,	lower	quantity	cortisol	

production	and	a	lower	magnitude	of	variation	in	quantity	of	cortisol	production	are	associated	with	

a	higher	CMR	score	when	controlling	for	shift	work.	This	suggests	that	lower	variability	in	quantity	of	

cortisol	production	and	lower	average	quantity	of	cortisol	production	over	a	two-day	period,	

independent	of	shift	work,	is	associated	with	a	higher	cardiometabolic	risk.	It	was	also	found	that	

15%	of	the	total	effect	(i.e.	the	relationship	between	shift	work	and	CMR	score)	is	mediated	by	

average	quantity	of	cortisol	production.	These	results	provide	evidence	that	average	quantity	of	
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cortisol	production	is	an	intermediate	in	the	pathway	between	shift	work	and	cardiometabolic	risk.	

However,	the	small	mediating	effect	suggests	quantity	of	cortisol	production	is	only	a	partial	

mediator	in	the	pathway,	and	there	are	other	factors	that	also	mediate	this	relationship.		

5.1.3	Sensitivity	analyses	

	 We	performed	two	sensitivity	analyses	to	test	the	robustness	of	our	results.	In	the	first	

analysis,	a	new	CMR	score	was	created	using	principal	component	analysis,	generated	from	our	

sample.	We	found	that	our	results	remained	relatively	unchanged	when	using	the	new	CMR	score	in	

place	of	the	CMR	score	created	by	Hillier	and	colleagues.	This	indicates	that	the	original	score	used	

by	Hillier	and	colleagues	is	likely	appropriate	for	our	sample.	Further,	another	sensitivity	analysis	

was	used	to	determine	if	adding	the	variable	“past	shift	work”	changes	our	findings.	After	

controlling	for	past	shift	work	experience	in	all	models,	our	results	remained	relatively	unchanged.	

This	indicates	that	past	shift	work	does	not	greatly	change	the	relationship	between	current	shift	

work,	cortisol,	and	cardiometabolic	risk.	

5.2	Strengths	

The	following	sections	will	discuss	some	epidemiological	concepts	that	should	be	considered	

in	the	interpretation	of	these	findings,	comment	on	the	strengths	and	weaknesses	of	this	thesis,	and	

make	recommendations	for	future	research.	This	study	has	several	strengths.	To	our	knowledge,	it	is	

the	first	study	to	investigate	the	mediation	of	cortisol	in	the	relationship	of	shift	work	and	

cardiometabolic	risk.	While	disruption	of	cortisol	by	shift	work	has	been	hypothesized	to	be	on	the	

causal	pathway	to	CVD	development5,6,	it	has	never	been	tested	before.	Through	mediation	analysis,	

we	were	able	to	investigate	the	contribution	of	cortisol	disruption	in	the	relationship	between	of	

shift	work	and	cardiometabolic	risk.	We	used	the	classic	mediation	analysis	approach	by	Baron	and	

Kenny7,	a	widely	used	analysis	strategy	for	mediation	analysis.	Moreover,	the	use	of	bootstrapping	

to	calculate	95%	confidence	intervals	for	the	indirect	effect	provides	a	more	robust	estimate	of	the	
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significance	of	the	mediating	effect	in	comparison	to	traditional	methods	that	assume	normality	in	

the	sampling	distribution.8	

	This	is	also	the	first	study,	to	our	knowledge,	to	test	the	relationship	between	shift	work	

and	a	CMR	score	in	women.	While	the	continuous	CMR	score	has	not	been	validated	in	the	Canadian	

population,	the	mean	values	from	Canada	and	our	sample	are	similar	to	the	original	cohort	in	

France,	with	the	main	differences	being	a	higher	mean	abdominal	circumference	and	lower	mean	

blood	pressure	in	both	our	sample	and	the	Canadian	population.3,9,10	Further,	a	sensitivity	analysis	

using	a	CMR	score	created	on	our	sample	did	not	meaningfully	change	the	results,	suggesting	that	

the	CMR	score	by	Hillier	and	colleagues	was	appropriate	for	our	sample.	In	addition,	the	use	of	a	

CMR	score	allows	for	consideration	of	the	variation	in	contribution	of	cardiometabolic	risk	factors	to	

the	development	of	CVD	risk;	waist	circumference	and	blood	pressure	contribute	the	highest	risk	to	

the	development	of	metabolic	syndrome	in	adults.3,11	Therefore,	this	continuous	score	may	be	a	

better	outcome	measure	to	represent	cardiometabolic	risk	in	comparison	to	the	dichotomized	

metabolic	syndrome.	Further,	our	study	was	strengthened	by	the	use	of	a	score	created	only	among	

women.	This	is	important,	as	it	has	been	shown	repeatedly	that	cardiometabolic	risk	differs	by	sex12,	

and	thus	cardiometabolic	risk	scores	vary	by	sex.3,13,14	

This	study	also	has	a	substantially	larger	sample	size	than	previous	biomarker	observational	

studies	investigating	the	effect	of	shift	work	on	cortisol,	which	is	important	since	larger	samples	

reduce	random	error	and	increase	statistical	power.15	Power	was	also	increased	through	use	of	a	

continuous	CMR	score,	since	use	of	a	continuous	variable	increases	power	in	comparison	to	a	

dichotomized	variable.15	In	addition,	this	study	was	strengthened	by	the	use	of	sensitivity	analysis	to	

test	for	the	effect	of	past	shift	work.	This	analysis	aided	in	determining	whether	the	relationship	

between	current	shift	work,	cortisol,	and	cardiometabolic	risk	could	be	partly	explained	by	past	shift	

work	experience.	Another	strength	is	that	in	contrast	to	highly	controlled	laboratory	studies,	the	
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observational	nature	of	this	study	enabled	us	to	capture	cortisol	fluctuations	under	realistic	

circumstances	at	work	and	at	home	where	behaviors	such	as	napping	or	eating	can	affect	cortisol.16–

18.	We	also	employed	a	comprehensive	urine	sampling	protocol	over	a	full	48-hour	period,	which	is	

shown	to	be	a	stable	estimate	of	short	and	long-term	cortisol19,	and	is	used	in	large,	observational	

studies.20,21	This	allowed	us	to	capture	variability	in	cortisol	production	and	pattern	between	two	24-

hour	periods.		

5.3	Limitations	

There	are	some	limitations	of	this	study.	Since	the	exposures	and	outcomes	were	measured	

simultaneously,	the	cross-sectional	nature	of	this	study	prevents	the	assessment	of	temporality,	and	

therefore	causality	cannot	be	assessed.	This	temporal	bias	could	differentially	bias	our	results;	this	is	

particularly	important	since	mediation	analysis	assumes	temporality,	and	is	ideally	conducted	using	

longitudinal	studies.22	Mediation	analysis	is	ideally	conducted	in	longitudinal	studies	since	it	is	

known	with	certainty	that	the	exposure	precedes	the	outcome,	which	limits	bias	in	the	results.22	It	is	

possible	that	the	disruption	of	cortisol	we	observed	in	this	study	may	have	occurred	due	to	other	

factors	prior	to	shift	work	exposure,	or	that	cardiometabolic	risk	occurred	prior	to	disruptions	in	

cortisol.	However,	there	is	evidence	from	longitudinal	studies	that	shift	work	occurs	prior	to	cortisol	

disruption,	and	that	cortisol	disruptions	occur	prior	to	CVD	development.23–26		

Another	limitation	is	that	only	current	status	of	shift	work	and	past	shift	work	experience	

were	considered.	We	did	not	explore	other	shift	work	parameters	such	as	shift	work	intensity	or	

social	aspects	of	shift	work	(e.g.	interference	in	family	and	social	activities).	However,	past	research	

shows	that	shift	work	intensity	is	not	associated	with	cortisol	output	or	pattern,	and	thus	would	

likely	not	have	changed	our	results.27	In	addition,	the	interpretation	of	these	findings	was	limited	to	

the	effect	of	shift	work	on	cortisol	during	working	time,	and	we	cannot	make	conclusions	about	the	

effect	of	shift	work	on	24-hour	cycles	during	free	days	since	samples	were	not	taken	during	these	
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periods.	Wong	et	al.	(2012)	noted	that	cortisol	levels	on	free	days	and	workdays	are	distinctly	

different	between	rotating	shift	workers	and	day	workers.28	Thus,	an	assessment	of	cortisol	on	free	

days	in	addition	to	working	days	would	capture	the	effect	of	shift	work	on	cortisol	more	completely.	

Further,	cortisol	was	only	collected	over	a	48-period,	and	may	not	accurately	reflect	true	cortisol	

production.	However,	a	study	recently	found	that	urinary	free	cortisol	collected	for	48-hours	is	

relatively	stable	and	accurately	captures	long-term	cortisol	patterns.19	Future	studies	should	

consider	measuring	cortisol	during	non-work	days	and	for	a	longer	period	of	time	to	capture	the	full	

effect	of	the	cortisol	rhythm.	

Misclassification	in	cortisol	is	possible,	although	misclassification	is	likely	non-differential	and	

would	attenuate	the	measure	of	association	towards	the	null	value.	Despite	some	potential	

misclassification	of	cortisol,	there	is	no	gold	standard	for	measuring	cortisol,	and	urinary	cortisol	is	a	

practical	method	for	measuring	cortisol	in	large	observational	studies.	Each	cortisol	sample	was	

creatinine-adjusted	for	urine	volume,	and	compared	to	a	reference	range	published	by	the	Mayo	

Clinic	for	females	aged	18	years	or	older.	A	large	proportion,	approximately	64%,	of	the	creatinine-

adjusted	cortisol	measures	were	above	the	biologically	normal	threshold.	It	is	likely	that	this	

difference	is	due	to	the	use	of	the	ELISA	and	Jaffe	reaction	instead	of	liquid	chromatography-tandem	

mass	spectrometry,	the	gold	standard	procedure	that	was	used	to	determine	the	standard	range.	

Further	analysis	showed	that	this	discrepancy	was	consistent	across	all	samples,	indicating	that	this	

constant	error	is	likely	due	to	the	measurement	assays.	While	the	creatinine-adjusted	cortisol	values	

collected	may	not	reflect	correct	cortisol	values,	the	relative	comparisons	made	in	the	study	are	still	

valid	since	the	error	was	constant	throughout	all	samples.	Moreover,	there	is	uncertainty	whether	

persistent	lower	levels	of	cortisol	or	higher	levels	of	variation	in	cortisol	are	harmful.	There	is	no	

clinically	relevant	threshold	of	changes	for	cortisol	production.	Another	limitation	is	that	AUCI	may	

not	accurately	reflect	changes	over	time	in	cortisol	pattern,	in	comparison	to	other	methods	such	as	
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slope	of	the	regression	line.	However,	a	past	study	did	find	that	cortisol	pattern	measured	using	

slope	was	related	to	cortisol	pattern	measured	using	AUCI,	and	that	both	AUCI	and	slope	measure	

the	rate	of	decrease	relative	to	the	baseline.29	

Another	limitation	is	that	both	the	metabolic	syndrome	definition	and	cardiometabolic	risk	

score	we	used	did	not	consider	ethnicity.	Ethnicity	of	participants	was	unknown	since	no	question	

about	ethnicity	or	race	was	asked	in	the	intake	interviews	or	questionnaires.	Differences	in	

cardiometabolic	risk	for	differing	ethnicities	are	found,	and	differing	definitions	for	both	metabolic	

syndrome	and	a	cardiometabolic	score	have	been	created.13,14	Since	the	population	of	Kingston	is	

primarily	Caucasian	(95%)30,	a	metabolic	syndrome	definition	for	White	Caucasians	was	used	in	this	

study.	The	cardiometabolic	score	was	created	on	a	population	that	is	primarily	White	Caucasian,	

although	ethnicity	was	not	described	in	their	sample.3	Thus,	there	is	potential	misclassification	in	the	

outcomes,	although	it	would	likely	be	minimal.	Further,	the	generalizability	of	the	cardiometabolic	

score	we	used	is	limited.	Although	the	mean	values	were	similar	between	populations	(as	outlined	

earlier),	the	score	has	not	been	validated	in	the	Canadian	population.	In	addition,	there	is	limited	

power	in	the	metabolic	syndrome	models.	It	is	likely	there	is	a	true	mediation	effect	of	cortisol	on	

the	relationship	between	shift	work	and	metabolic	syndrome;	however,	the	lack	of	power	limited	

the	ability	to	see	a	statistically	significant	result.	

Although	unlikely,	there	is	also	some	potential	for	selection	bias.	For	instance,	those	who	

experience	greater	circadian	disruption,	including	changes	in	cortisol	production,	may	be	less	likely	

to	participate.	There	is	a	possibility	that	those	participating	in	this	study	had	more	concerns	about	

CVD	than	other	workers	who	chose	not	to	participate.	It	is	also	possible	that	shift	workers	were	less	

likely	to	participate	than	day	workers,	or	vice	versa.	This	could	be	differential	as	the	study	

advertisements	openly	stated	that	the	relationship	between	shift	work	and	CVD	was	of	interest.	If	

more	shift	workers	participated	because	of	their	concern	for	CVD,	this	could	have	resulted	in	an	
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overestimation	of	the	effect	of	shift	work	on	cardiometabolic	risk.	Therefore,	the	prevalence	

findings	in	this	study	cannot	be	considered	as	representative	of	our	target	population;	however,	the	

assessment	of	associations	is	still	valid.	

There	is	potential	for	residual	or	unmeasured	confounding.	Since	the	pathway	linking	shift	

work	to	cardiometabolic	risk	is	still	widely	unexplored,	there	is	the	potential	that	unknown	

confounders	were	not	considered.	This	unmeasured	confounding	could	lead	to	biased	effect	

estimates.	Moreover,	residual	confounding	may	have	occurred	due	to	measurement	error	from	

confounders	such	as	socioeconomic	status.	Yet,	there	is	no	reason	to	believe	this	would	be	

differential	and	therefore	the	effect	would	only	attenuate	the	effect	estimates.	In	addition,	the	use	

of	education	as	a	proxy	for	socioeconomic	status	is	a	limitation.	While	education	is	a	commonly	used	

proxy,	it	may	not	be	a	good	representation	of	socioeconomic	status	in	our	population,	since	the	

majority	of	participants	were	found	to	have	at	least	a	post-secondary	degree	or	diploma.	However,	

level	of	education	was	chosen	since	there	was	minimal	missing	data	in	comparison	to	income,	

another	commonly	used	proxy.	

Lastly,	magnitude	of	variation	did	not	consider	directionality	(i.e.	whether	individuals	with	

greater	increases	vs.	decreases	in	cortisol	output	had	greater	cardiometabolic	risk).	Due	to	the	non-

linearity	of	the	variables,	directionality	in	the	variation	would	need	to	be	categorized	as	a	nominal	

variable.	It	is	recommended	that	future	studies	investigate	directionality	of	magnitude	of	variation	

as	a	mediator	using	robust	mediation	regression	techniques	or	structural	equation	modeling.31 

5.4	Generalizability	

The	generalizability	of	this	study	was	increased	through	the	inclusion	of	study	participants	

from	a	variety	of	healthcare	professions,	unlike	healthcare	studies	that	focus	primarily	on	nurses.	

The	results	are,	however,	only	generalizable	to	female	employees	of	approximately	the	same	age	

range	and	occupations	that	were	studied.	In	addition,	the	generalizability	of	this	study	is	limited	to	
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women.	Several	studies	have	shown	that	total	excretion	of	cortisol	in	urine	is	higher	in	men,	and	

cardiometabolic	risk	differs	in	males.32,33	Further,	these	findings	can	only	generalize	to	cortisol	on	

work	days,	since	cortisol	was	not	collected	on	non-work	days.	Lastly,	these	findings	may	not	be	

generalizable	to	other	shift	work	patterns,	or	other	occupational	populations	outside	of	the	

healthcare	industry.	For	example,	this	study	only	investigated	shift	work	in	terms	of	rotating	day	and	

night	shifts,	so	it’s	unclear	how	these	results	would	generalize	to	other	work	patterns	such	as	

permanent	night	workers.	Occupations	in	industries	such	as	manufacturing,	transportation,	and	law	

enforcement	may	also	be	very	different	with	respect	to	factors	that	affect	cortisol	and	CVD	

development.	

5.5	Future	Directions	

Future	studies	should	continue	to	explore	the	relationship	between	shift	work,	cortisol	and	

cardiometabolic	risk	in	female	and	male	shift	workers.	The	relationship	between	shift	work,	cortisol,	

and	cardiometabolic	risk	is	still	unclear	in	males,	and	thus	necessitates	the	need	for	male-only	

studies.	Research	with	larger	sample	sizes	will	allow	the	consideration	of	other	shift	work	

parameters	and	patterns,	such	as	permanent	night	shift	schedules,	and	would	validate	our	findings.	

In	addition,	studies	including	more	than	one	type	of	shift	schedule	would	provide	opportunity	to	

make	direct	comparisons	between	shift	systems.	Moreover,	it	is	recommended	that	future	studies	

explore	this	relationship	in	other	settings	outside	of	the	health	care	setting,	such	as	law	

enforcement	and	transportation.		

Another	direction	is	to	consider	a	more	full	and	comprehensive	sampling	collection	of	

cortisol.	Future	studies	should	measure	cortisol	during	non-work	days	and	for	a	longer	period	of	

time	to	capture	the	full	cortisol	pattern.	Further,	future	research	should	examine	the	prospective	

relationship	between	shift	work,	cortisol,	and	cardiometabolic	risk	to	validate	our	findings	and	
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further	support	a	casual	association.	Use	of	meditation	analysis	on	prospective	studies	will	also	

strengthen	the	evidence	for	a	causal	association.		

This	study	provides	evidence	that	quantity	of	cortisol	production	is	one	mechanism	by	which	

shift	workers	are	at	an	increased	risk	for	cardiometabolic	risk.	However,	the	small	mediating	effect	

of	cortisol	production	suggests	that	other	factors	contribute	to	the	causal	pathway	linking	shift	work	

and	cardiometabolic	risk.	Future	research	should	also	investigate	other	potential	mediators	in	the	

causal	pathway.	Past	research	on	our	cross-sectional	study	shows	that	current	shift	work	is	also	

associated	with	disruptions	in	melatonin	and	both	self-reported	and	objectively	measured	sleep	

disturbances.34–36	Further,	sleep	duration	on	work	shifts	is	shown	to	be	a	strong	mediator	in	the	

relationship	of	shift	work	and	metabolic	syndrome.34	Thus,	this	warrants	the	consideration	of	other	

potential	mediators	such	as	sleep,	work	stress,	lifestyle	behaviors,	and	other	measures	of	circadian	

disruption	in	future	studies.	

5.6	Conclusions	

Shift	work	is	associated	with	metabolic	syndrome	and	with	higher	cardiometabolic	risk.	

Current	diurnal	cortisol	production	partially	mediates	the	relationship	between	current	shift	work	

and	cardiometabolic	risk,	while	cortisol	pattern	and	cortisol	variability	did	not	appear	to	be	

mediators.	Both	attenuated	cortisol	production	and	variability	in	production	may	play	a	role	in	

cardiometabolic	risk	and	CVD	development	by	causing	physiological	changes	associated	with	the	

development	of	metabolic	syndrome	and	CVD.			

Understanding	the	impact	of	shift	work	and	cortisol	on	cardiometabolic	risk	will	aid	in	

informing	and	developing	healthy	workplace	policies	to	mitigate	the	health	risks	associated	with	

shift	work.	In	addition,	understanding	the	relationship	between	shift	work,	cortisol,	and	CVD	risk	will	

help	to	elucidate	potential	targets	for	evidence-based	interventions.	Although	interventions	to	

mitigate	the	impact	of	shift	work	on	cardiometabolic	risk	have	already	been	proposed,	further	
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epidemiological	evidence	is	required	to	demonstrate	their	effectiveness	among	shift	workers.	

Therefore,	we	do	not	have	sufficient	information	to	make	public	health	recommendations	at	this	

time.	Further	research	is	required	to	fully	understand	and	integrate	information	on	how	shift	work	

affects	cortisol	and	other	circadian	rhythms	and	behaviours	to	increase	CVD	risk	in	shift	workers.	

Since	shift	work	is	a	necessary	component	of	healthcare	and	prevalent	among	many	industries,	

further	research	will	aid	to	inform	and	develop	workplace	policies	that	limit	harm	to	shift	workers	in	

varying	industries	across	Canada.	 	
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Appendix	B	
	

Questionnaires	
	

	
	
	
	
Have	you	ever	had	a	job	that	involved	working	at	night	(any	work	between	midnight	and	
5AM)?		 	Yes		 	No	
	
In	the	last	3	months,	I	worked	as	a	shift	worker.	

	Yes		
	No	

	
	
	
	
	
How	many	years	in	total	did	you	work	in	jobs	with	work	at	night?		

Full	time_________________	
	 	 Part	time_________________	
	
Please	indicate	the	number	of	years	in	each	shift	pattern.	If	you	did	not	work	the	shift	
pattern,	please	indicate	‘N/A’.	
	

Permanent	Night	Shifts:	FT	_______			PT	_______	
Rotating	Shifts	(mix	of	day/evening/night	shifts):	FT	_______			PT	_______	

	
	
	
	
Do	you	usually	work?	
	 a.	8	hour	shifts	
	 b.	12	hour	shifts	
	 c.	Various	shifts		
	 d.	Some	other	shift	(please	describe):________________________________	
	
	
	
	
	
	

Current	shift	work	status	
 

Past	shift	work		
 

Current	shift	work	intensity	
 

Current	shift	work	length	
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For	each	shift	type	please	indicate	the	number	of	consecutive	nights	worked	in	1	rotation.	If	
you	did	not	work	the	shift	pattern	please	indicate	‘N/A’.		

	
Rotating	Shifts	(mix	of	day/evening/night	shifts):	FT	_______			PT	_______		
	

	
	
Are	you	working	full-time	or	part-time?	
	 a.	Full-time	
	 b.	Part-time	
	
																																																				

Age	
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Date	of	Birth:	_________/_______/_______	
																											Year										Month									Day	
	
	
	
	
What	is	the	highest	level	of	education	you	have	obtained?	
	 	High	School	
	 	Post	Secondary	(certificate/diploma)	
	 	University	Undergraduate	Degree	
	 	Graduate	Degree	(Master,	PhD,	etc)	
	 	Physician	or	Resident	
	 	Other	_________________________	
	
	
	
	
I	have	a	regular	schedule	(this	includes	being	for	example,	a	housewife):	 		

	Yes…I	work	on…	1 	 			2 	 	3 	 4 	 5 	 6 	 7 			days/per	week.	
	No	

	
(If	your	answer	is	“Yes,	on	7	days”	or	“No”,	please	again	think,	if	your	sleep	times	may	
differ	between	regular	“Workdays”	and	“Weekend	days”,	anyhow	and	fill	out	the	MCTQ	
in	this	in	this	respect)	
	
Please	use	a	24-hour	time	scale	(e.g.	23:00	instead	of	11pm)	
	

Workdays	
	

I	go	to	bed	at	________	o’clock.		
(Note	that	some	people	stay	awake	for	some	time	while	in	bed)	
	
I	actually	get	ready	to	fall	asleep	at	________	o’clock	
	
I	need	________	minutes	to	fall	asleep	
	
I	wake	up	at	________	o’clock	
	
After	________minutes,	I	actually	get	up.	
I	use	an	alarm	clock	on	workdays		

	Yes	
	No	

	

Education	
 

Munich	Chronotype	Questionnaire	
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If	“yes”,	I	regularly	wake	up	BEFORE	the	alarm	rings	
	Yes	
	No	

	
Free	Days	

	
I	go	to	bed	at	________	o’clock.		
(Note	that	some	people	stay	awake	for	some	time	while	in	bed)	
	
I	actually	get	ready	to	fall	asleep	at	________	o’clock	
	
I	need	________	minutes	to	fall	asleep	
	
I	wake	up	at	________	o’clock	
	
After	________minutes,	I	actually	get	up.	
	
My	wake-up	time	is	due	to	the	use	of	an	alarm	clock	

	Yes	
	No	

	
There	are	particular	reasons	why	I	CANNOT	freely	choose	my	sleep	times	on	free	days	

	Yes	
	No	

	
If	“yes”,	is	it:	

	Children/pets	
	Hobbies	
	Others,	for	example	__________________________	

	
	

Time	Spent	Outdoors	
	

On	average,	I	spend	the	following	amount	of	time	outdoors	in	daylight	(without	a	roof	
above	my	head):	
	
In	the	spring/summer:	
	
On	Workdays	________	hours	________	minutes	
	
On	Free	Days	________	hours	________	minutes	
	
	
In	the	fall/winter:	
	
On	Workdays	________	hours	________	minutes	
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On	Free	Days	________	hours	________	minutes	
	
	
	

ACTIVITY	AT	WORK	

	
1.	Does	your	work	involve	vigorous-intensity	activity	that	causes	large	increases	in				
breathing	or	heart	rate	like	[carrying	or	lifting	heavy	loads,	digging	or	construction	work]	
for	at	least	10	minutes	continuously?	
	

Yes	 	 	
No	 	 If	no,	go	to	Question	4		

	
	
2.	In	a	typical	week,	on	how	many	days	do	you	do	vigorous-intensity	activities	as	part	of	
your	work?	
	

Number	of	days	____________	
	
3.	How	much	time	do	you	spend	doing	vigorous-intensity	activities	at	work	on	a	typical	
day?	(Think	of	one	day	you	can	recall	easily.	Consider	only	those	activities	undertaken	
continuously	for	10	minutes	or	more.)	
	

Hours	_______	Minutes	_______	
	
	
4.	Does	your	work	involve	moderate-intensity	activity,	that	causes	small	increases	in	
breathing	or	heart	rate	such	as	brisk	walking	[or	carrying	light	loads]	for	at	least	10	
minutes	continuously?	
	

Yes	 	 	
No	 	 If	no,	go	to	Question	7	

	
5.	In	a	typical	week,	on	how	many	days	do	you	do	moderate-intensity	activities	as	part	
of	your	work?	
	

Number	of	days	____________	
	
6.	How	much	time	do	you	spend	doing	moderate-intensity	activities	at	work	on	a	typical	
day?	(Think	of	one	day	you	can	recall	easily.	Consider	only	those	activities	undertaken	
continuously	for	10	minutes	or	more.)	
	

Hours	_______	Minutes	_______	

Global	Physical	Activity	Questionnaire	
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TRAVEL	TO	AND	FROM	PLACES	
	

The	next	questions	exclude	the	physical	activities	at	work	that	you	have	already	
mentioned.	Think	about	the	usual	way	you	travel	to	and	from	places.	For	example,	to	
work,	for	shopping,	to	market,	to	place	of	worship.		
	
7.	Do	you	walk	or	use	a	bicycle	(pedal	cycle)	for	at	least	10	minutes	continuously	to	get	
to	and	from	places?	(Please	circle	the	appropriate	response)		
	

Yes	 	 	
No	 	 If	no,	go	to	Question	10	 	 	 	

	
8.	In	a	typical	week,	on	how	many	days	do	you	walk	or	bicycle	for	at	least	10	minutes	
continuously	to	get	to	and	from	places?	
	

Number	of	days	____________	
	
9.	How	much	time	do	you	spend	walking	or	bicycling	for	travel	on	a	typical	day?	(Think	
of	one	day	you	can	recall	easily.	Consider	the	total	amount	of	time	walking	or	bicycling	
for	trips	of	10	minutes	or	more.)	
	

Hours	_______	Minutes	_______	
	
	

RECREATIONAL	ACTIVITIES	
	

The	next	questions	exclude	the	work	and	transport	activities	that	you	have	already	
mentioned.	Think	about	sports,	fitness	and	recreational	activities	and	leisure	activities	
you	participate	in	on	a	regular	basis	(not	occasionally).	It	is	important	to	focus	on	only	
recreational	activities	and	not	to	include	any	activities	already	mentioned.		
	
	
10.	Do	you	do	any	vigorous-intensity	sports,	fitness	or	recreational	(leisure)	activities	
that	cause	large	increases	in	breathing	or	heart	rate	like	running	or	football	for	at	least	
10	minutes	continuously?	
	

Yes	 	 	
No	 	 If	no,	go	to	Question	13	
	
	

11.	In	a	typical	week,	on	how	many	days	do	you	do	vigorous-intensity	sports,	fitness	or	
recreational	(leisure)	activities?	
	

Number	of	days	____________	
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12.	How	much	time	do	you	spend	doing	vigorous-intensity	sports,	fitness	or	recreational	
activities	on	a	typical	day?	(Think	of	one	day	you	can	recall	easily.	Consider	the	total	
amount	of	time	doing	vigorous	recreational	activities	for	periods	of	10	minutes	or	more.)		
	

Hours	_______	Minutes	_______	
	
13.	Do	you	do	any	moderate-intensity	sports,	fitness	or	recreational	(leisure)	activities	
that	causes	a	small	increase	in	breathing	or	heart	rate	such	as	brisk	walking,	cycling,	
swimming,	or	volleyball	for	at	least	10	minutes	continuously?	
	

Yes	 	 	
No	 	 If	no,	go	to	Question	16	

	
14.	In	a	typical	week,	on	how	many	days	do	you	do	moderate-intensity	sports,	fitness	or	
recreational	(leisure)	activities?	
	

Number	of	days	____________	
	
15.	How	much	time	do	you	spend	doing	moderate-intensity	sports,	fitness	or	
recreational	(leisure)	activities	on	a	typical	day?	(Think	of	one	day	you	can	recall	easily.	
Consider	the	total	amount	of	time	doing	moderate	recreational	activities	for	periods	of	
10	minutes	or	more.)	
	

Hours	_______	Minutes	_______	
	
	
	

SEDENTARY	BEHAVIOUR	
	

The	following	question	is	about	sitting	or	reclining	at	work,	at	home,	getting	to	and	from	
places,	or	with	friends	including	time	spent	sitting	at	a	desk,	sitting	with	friends,	
travelling	in	car,	bus,	train,	reading,	playing	cards	or	watching	television.	DO	NOT	
include	the	time	you	spend	sleeping.	
	
	
16.	How	much	time	do	you	usually	spend	sitting	or	reclining	on	a	typical	day?		
(Consider	total	time	spent	at	work	sitting,	in	an	office,	reading,	watching	television,	
using	a	computer,	doing	hand	craft	like	knitting,	resting	etc.	Do	not	include	time	spent	
sleeping.)	
	
Hours	_______	Minutes	_______	
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**REGARDING	YOUR	CURRENT	POSITION,	PLEASE	CHECK	THE	BOX	IN	THE	MOST	APPROPRIATE	
CATEGORY	FOR	THE	STATEMENTS	LISTED	IN	TABLES	1-8**	

	
TABLE	1.-SKILL	DISCRETION	

		
Strongly	
Disagree	 Disagree	 Agree	

Strongly	
Agree	

a.	My	job	requires	that	I	learn	new	things.	 		 		 		 		

b.	My	job	involves	a	lot	of	repetitive	work.	 		 		 		 		

c.	My	job	requires	me	to	be	creative.	 		 		 		 		

d.	My	job	requires	a	high	level	of	skill.	 		 		 		 		

e.	I	get	to	do	a	variety	of	different	things	in	my	job.	 		 		 		 		

f.	I	have	an	opportunity	to	develop	my	own	special			
abilities.	 		 		 		 		

	
	
	

TABLE	2.	–DECISION	AUTHORITY	

	
Strongly	
Disagree	 Disagree	 Agree	

Strongly	
Agree	

a.	My	job	allows	me	to	make	a	lot	of	decisions	on	my	
own.	 	 	 	 	

b.	On	my	job	I	have	very	little	freedom	to	decide	how	
I	do	my	work.	 	 	 	 	

c.	I	have	a	lot	to	say	about	what	happens	on	my	job.	 	 	 	 	

d.	I	have	a	significant	influence	over	decisions	in	my	
work	group	or	unit.		 	 	 	 	

e.	My	work	group	or	unit	makes	decisions	
democratically.		 	 	 	 	

JOB	CONTENT	QUESTIONNAIRE	
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f.	I	have	at	least	some	chance	that	my	ideas	will	be	
considered	about	company	policy	(e.g.,	hiring,	firing,	
wage	levels,	plants	closing,	new	machinery,	etc.).		 	 	 	 	

g.	My	union	or	employee	association	is	influential	in	
affecting	company	policy.		 	 	 	 	

h.	Have	influence	over	the	policies	of	the	union	or	
employee	association.	 	 	 	 	

	
13.		How	many	people	are	in	your	work	group	or	unit?		
	 a.	I	work	alone	
	 b.	2-5	people	
	 c.	6-10	people	
	 d.	10-20	people	
	 e.	>20	people	
	 	
14.		I	supervise	people	as	a	part	of	my	job.		
	 a.	No	
	 b.	Yes,	1-4	people	
	 c.	Yes,	5-10	people	
	 d.	Yes,	11-20	people	
	 e.	Yes,	more	than	20	people	
	
15.		I	am	a	member	of	a	union	or	employee	association.		
	 a.Yes	
	 b.	No	
	

TABLE	3.-PSYCHOLOGICAL	JOB	DEMANDS	

	
Strongly	
Disagree		 Disagree	 Agree	

Strongly	
Agree	

a.	My	job	requires	working	very	fast.		 	 	 	 	

b.	My	job	requires	working	very	hard.		 	 	 	 	

c.	I	am	not	asked	to	do	an	excessive	amount	of	work.		 	 	 	 	

d.	I	have	enough	time	to	get	the	job	done.		 	 	 	 	

e.	I	am	free	from	conflicting	demands	that	others	
make.		 	 	 	 	

f.	My	job	requires	long	periods	of	intense	
concentration	on	the	task.		 	 	 	 	
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g.	My	tasks	are	often	interrupted	before	they	can	be	
completed,	requiring	attention	at	a	later	time.		 	 	 	 	

h.	My	job	is	very	hectic.		 	 	 	 	

i.	Waiting	on	work	from	other	people	or	departments	
often	slows	me	down	on	the	job.		 	 	 	 	

	
	

	
TABLE	4.	–PHYSICAL	JOB	DEMANDS	

	
Strongly	
Disagree		 Disagree	 Agree	

Strongly	
Agree	

a.	My	job	requires	lots	of	physical	effort.		 	 	 	 	

b.	I	am	often	required	to	move	or	lift	very	heavy	
loads	on	my	job.		 	 	 	 	

c.	My	work	requires	rapid	and	continuous	physical	
activity.		 	 	 	 	

d.	I	am	often	required	to	work	for	long	periods	with	
my	body	in	physically	awkward	positions.	 	 	 	 	

e.	I	am	required	to	work	for	long	periods	with	my	
head	or	arms	in	physically	awkward	positions.		 	 	 	 	

	
	

TABLE	5.-JOB	INSECUTRITY	

	
Strongly	
Disagree		 Disagree	 Agree	

Strongly	
Agree	

a.	My	job	security	is	good.		 	 	 	 	

b.	My	prospects	for	career	development	and	
promotions	are	good.		 	 	 	 	

c.	In	five	years	my	skills	will	still	be	valuable.		 	 	 	 	

	
16.		How	steady	is	your	work?	(check	one	ONLY)	
	 a.	Regular	and	steady	
	 b.	Seasonal	
	 c.	Frequent	layoffs	
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	 d.	Both	seasonal	and	frequent	layoffs	
	 e.	Other:	___________________________________	
	
17.		During	the	past	year,	how	often	were	you	in	a	situation	where	you	faced	job	loss	or	layoff?	
	 a.	Never	
	 b.	Faced	the	possibility	once	
	 c.	Faced	the	possibility	more	than	once	
	 d.	Constantly	
	 				e.	Laid	off
	
18.		Sometimes	people	permanently	lose	jobs	they	want	to	keep.		How	likely	is	it	that	during	the	
next	couple	of	years	you	will	lose	your	present	job	with	your	employer?		
	 a.	Not	likely	at	all	
	 b.	Not	too	likely	
	 c.	Somewhat	likely	
	 d.	Very	likely	
	
19.		In	the	next	12	months,	do	you	plan	to	leave	your	current	position?	
	 a.	Yes	
	 b.	No	
	

TABLE	6.	-SUPERVISOR	SOCIAL	SUPPORT	

	
Strongly	
Disagree		 Disagree	 Agree	

Strongly	
Agree	

a.	My	supervisor	is	concerned	about	the	welfare	of	
those	under	him/her.		 	 	 	 	

b.	My	supervisor	pays	attention	to	what	I	am	saying.		 	 	 	 	

c.	I	am	exposed	to	hostility	or	conflict	from	my	
supervisor.		 	 	 	 	

d.	My	supervisor	is	helpful	in	getting	the	job	done.		 	 	 	 	

e.	My	supervisor	is	successful	in	getting	people	to	
work	together.		 	 	 	 	

	
	

	
	

TABLE	7.		–	COWORKER	SOCIAL	SUPPORT	
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Strongly	
Disagree		 Disagree	 Agree	

Strongly	
Agree	

a.	People	I	work	with	are	competent	in	doing	their	
jobs.		 	 	 	 	

b.	People	I	work	with	take	a	personal	interest	in	me.		 	 	 	 	

c.	I	am	exposed	to	hostility	or	conflict	from	the	people	
I	work	with.		 	 	 	 	

d.	People	I	work	with	are	friendly.		 	 	 	 	

e.	The	people	I	work	with	encourage	each	other	to	
work	together.		 	 	 	 	

f.	People	I	work	with	are	helpful	in	getting	the	job	
done.		 	 	 	 	

	
TABLE	8.	

	
Strongly	
Disagree		 Disagree	 Agree	

Strongly	
Agree	

a.	I	often	have	to	arrive	early	or	stay	late	to	get	my	
work	done.	 	 	 	 	

b.	I	often	have	to	work	through	my	breaks	to	
complete	my	assigned	workload.	 	 	 	 	

c.	It	often	seems	like	I	have	too	much	work	for	one	
person	to	do.	 	 	 	 	

d.	I	have	too	much	to	do,	to	do	everything	well.	 	 	 	 	

	
20.		If	you	are	planning	on	leaving,	why	are	you	planning	to	leave?	(circle	all	that	apply)	
a.	Retirement	 	 	 	 									 	i.	Burnout	
b.	Career	advancement	 	 													j.	Poor	salary	
c.	Career	change																																												k.	Workload	
d.	More	time	with	family	 	 													l.	Management	practices	
e.	Health	problems	 	 	 													m.	Conflict	with	management	
	f.	Physical	demands	of	your	position													n.	Lack	of	respect	
g.	Too	much	responsibility	 	 	 	o.	Other:	___________________________	
h.	Inability	to	provide	safe,	competent	care	
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21.		Do	you	have	another	paid	position	outside	of	your	current	position?				
	 a.	Yes	
	 b.	No	
	
	
22.		Is	this	other	position	full-time	or	part-time?		 		
	 a.	Full-time	
	 b.	Part-time
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1.		What	is	your	current	position?	_______________________									
	
2.		In	what	year	did	you	start	working	in	your	current	position?		___________	
	
3.		Is	this	position	permanent,	temporary,	casual,	etc?	

a.	Permanent	
	 b.	Temporary		

c.	Casual	/	on	call	
	 d.	Other:	_________________________	
	
4.	Do	you	currently	do	shift	work	or	night	work?	
	 	Yes	 	 	 	
	 	 	No	
	
5.		Are	you	working	full-time	or	part-time?	
	 a.	Full-time	
	 b.	Part-time		

Work	characteristics	
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Appendix	C	
	

Continuous	Cardiometabolic	Risk	Score	
	

The	continuous	cardiometabolic	risk	(CMR)	score	is	based	on	a	cohort	study	of	5,212	French	

participants.	The	score	was	developed	using	principal	component	analysis,	and	the	first	component	was	

used	to	create	a	continuous	measure	of	cardiometabolic	risk.	Logistic	regression	was	used	to	predict	the	

incidence	of	diabetes,	coronary	heart	disease,	and	cardiovascular	disease	with	the	CMR	score	after	a	9-

year	follow-up	period.	Odds	ratios	were	used	to	describe	the	incidence	diabetes,	coronary	heart	disease	

(CHD)	and	cardiovascular	disease	(CVD)	per	1-standard	deviation	increase	in	the	CMR	score.	The	CMR	

score	is	standardized	to	have	a	mean	of	zero	and	standard	deviation	of	1.	According	to	the	2009	Joint	

Interim	Studies	consensus	statement,	a	score	of	0.783	or	above	corresponds	to	all	5	metabolic	

syndrome	criteria	being	met.	Using	the	age-adjusted	risk	estimates	from	the	study,	an	individual’s	risk	of	

incident	diabetes,	CHD	and	CVD	risk	in	9-years	can	be	calculated	based	on	the	CMR	score.		

	
	 Age-Adjusted	Odds	Ratio	(95%	CI)	

Incident	Diabetes	 4.1	(2.6,	6.4)	
Incident	CHD	 1.4	(0.78,	2.6)	
Incident	CVD	 1.7	(1.0,	2.7)	

	
In	Chapter	4,	female	shift	workers	were	found	to	have	0.45	higher	CMR	score	in	comparison	to	

day	workers.	The	odds	of	incident	CVD	would	be	multiplied	by	1.70.45	=	1.27	over	a	9-year	period.	This	

means	that	shift	workers	in	our	sample	would	have	a	27%	increase	in	odds	of	incident	CVD	over	a	9-year	

period,	in	comparison	to	day	workers.	

 
	 	



126	
	

Appendix	D	
	

Sensitivity	Analyses	
	

Sensitivity	Analysis	1	
	
A	sensitivity	analysis	using	principal	component	analysis	to	create	a	continuous	cardiometabolic	risk	
score	based	on	our	sample.	

	
Table	1:	Mediation	analysis	of	the	relationship	between	shift	work	and	the	cardiometabolic	risk	(CMR)	score	by	
cortisol	parametersa.	

Mediator	 n	 Path	a	
	(β,	95%	CI)	

Path	b	
	(β,	95%	CI)	

Path	c’	
	(β,	95%	CI)	

Path	c	
(β,	95%	CI)	

Path	ab	
	(β,	95%	CI)	

AUCG	 325	 -124.04	
	(-188.11,	-59.98)*	

-0.34	

	(-0.60,	-0.08)*b	
0.59	

(0.06,	1.11)*	
0.68		

(0.17,	1.20)*	
0.12	

(0.01,	0.28)*	

AUCI	 324	 -48.06	
(-140.11,	43.99)	

-0.23	
	(-0.49,	0.04)b	

0.70	
	(0.18,	1.22)*	

0.68		
(0.17,	1.20)*	

0.03	
(-0.01,	0.14)	

Magnitude	
of	variation	
–	AUCG	

308	 0.11	
(-0.19,	0.41)c	

-0.30	
(-0.40,	-0.005)*e	

0.80	
	(0.27,	1.32)*	

0.68		
(0.17,	1.20)*	

-0.02	
(-0.13,	0.02)	

Magnitude	
of	variation	

–	AUCI	

308	 0.27	
(0.01,	0.54)*d	

0.03	
(-0.19,	0.26)f	

0.77	
(0.23,	1.30)*	

0.68		
(0.17,	1.20)*	

0.01	
(-0.04,	0.09)	

*p<0.05	
a.	All	models	are	adjusted	for	age,	education,	and	menopausal	status	
b.	Per	1-unit	increase	in	standard	deviation	of	mediator	
c.	Coefficient	is	in	natural	log	transformation	
d.	Coefficient	is	in	natural	log	transformation		
e.	Per	1-unit	increase	in	natural	log	of	magnitude	of	variation	
f.	Per	1-unit	increase	in	natural	log	of	magnitude	of	variation			
	
Note:	
Path	a	–	Path	from	shift	work	to	the	mediating	variable	
Path	b	–	Path	from	mediating	variable	to	the	CMR	score,	while	controlling	for	shift	work	
Path	c’	–	Path	from	shift	work	to	CMR	score,	while	controlling	for	the	mediating	variable	
Path	c	–		Direct	path	from	shift	work	to	CMR	score	
Path	ab	–	Indirect	path	from	shift	work	to	CMR	score	(i.e.	the	mediating	effect).	Path	ab	coefficients	represents	10,000	
bootstrapped	samples	and	bias-corrected	95%	confidence	intervals.	
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Sensitivity	Analysis	2		
	
A	sensitivity	analysis	while	also	controlling	for	past	shift	work.	
	
Table	2:	Mediation	analysis	of	the	relationship	between	shift	work	and	metabolic	syndrome	by	cortisol	
parametersa.	

Mediator	 n	 Path	a	
	(β,	95%	CI)	

Path	b	
	(OR,	95%	CI)	

Path	c’	
	(OR,	95%	CI)	

Path	c	
(OR,	95%	CI)	

Path	ab	
	(OR,	95%	

CI)	

AUCG†
	 325	 -157.18	

	(-228.50,	-85.88)*	
0.70	
	(0.48,	
0.98)*b	

1.72	
	(0.80,	3.74)	

2.06	
(0.99,	4.29)	

1.22	
(1.02,	1.66)	

AUCI†	 324	 -113.50	
(-215.26,	-11.74)*	

0.90	
	(0.64,	1.25)b	

2.02	
	(0.97,	4.23)	

2.06	
(0.99,	4.29)	

1.03	
(0.95,	1.19)	

Magnitude	
of	variation	
of	AUCG	

308	 0.05	
(-0.28,	0.38)c	

0.73	
(0.57,	0.94)*e	

2.64		
(1.20,	5.81)*	

2.06	
(0.99,	4.29)	

0.98	
(0.86,	1.08)	

Magnitude	
of	variation	
of	AUCI	

308	 0.26	
(-0.03,	0.56)d	

1.07	
(0.79,	1.46)f	

2.47	
(1.14,	5.39)*	

2.06	
(0.99,	4.29)	

1.02	
(0.95,	1.18)	

*p<0.05	
†	Per	µmol/mol	of	creatinine	
a.	All	models	are	adjusted	for	age,	education,	menopausal	status,	and	past	shift	work	
b.	Per	1-unit	increase	in	standard	deviation	of	mediator	(µmol/mol	of	creatinine)	
c.	Coefficient	is	in	natural	log	transformation	
d.	Coefficient	is	in	natural	log	transformatio.		
e.	Per	1-unit	increase	in	natural	log	of	magnitude	of	variation.	
f.	Per	1-unit	increase	in	natural	log	of	magnitude	of	variation.	
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Table	3:	Mediation	analysis	of	the	relationship	between	shift	work	and	the	cardiometabolic	risk	(CMR)	score	by	
cortisol	parametersa.	

Mediator	 n	 Path	a	
	(β,	95%	CI)	

Path	b	
	(β,	95%	CI)	

Path	c’	
	(β,	95%	CI)	

Path	c	
(β,	95%	CI)	

Path	ab	
	(β,	95%	CI)	

AUCG†	 325	 -157.18	
	(-228.50,	-85.88)*	

-0.23	

	(-0.40,	-0.07)*b	
0.43	

(0.05,	0.80)*	
0.52		

(0.15,	0.89)*	
0.10	

(0.02,	0.23)*	

AUCI†	 324	 -113.50	
(-215.26,	-11.74)*	

-0.11	
	(-0.28,	0.06)b	

0.51	
	(0.14,	0.88)*	

0.52		
(0.15,	0.89)*	

0.03	
(-0.01,	0.12)	

Magnitude	
of	variation	
–	AUCG	

308	 0.05	
(-0.28,	0.38)c	

-0.14	
(-0.27,	-0.02)*e	

0.64	
(0.27,	1.01)*	

0.52		
(0.15,	0.89)*	

-0.01	
(-0.09,	0.03)	

Magnitude	
of	variation	

–	AUCI	

308	 0.26	
(-0.03,	0.56)d	

0.03	
(-0.12,	0.17)f	

0.63	
(0.25,	1.00)*	

0.52		
(0.15,	0.89)*	

0.01	
(-0.02,	0.06)	

*p<0.05	
†	Per	µmol/mol	of	creatinine	
a.	All	models	are	adjusted	for	age,	education,	menopausal	status,	and	past	shift	work	
b.	Per	1-unit	increase	in	standard	deviation	of	mediator	
c.	Coefficient	is	in	natural	log	transformation		
d.	Coefficient	is	in	natural	log	transformation	
e.	Per	1-unit	increase	in	natural	log	of	magnitude	of	variation	
f.	Per	1-unit	increase	in	natural	log	of	magnitude	of	variation	
	
	
Note:	
Path	a	–	Path	from	shift	work	to	the	mediating	variable	
Path	b	–	Path	from	mediating	variable	to	the	CMR	score,	while	controlling	for	shift	work	
Path	c’	–	Path	from	shift	work	to	CMR	score,	while	controlling	for	the	mediating	variable	
Path	c	–		Direct	path	from	shift	work	to	CMR	score	
Path	ab	–	Indirect	path	from	shift	work	to	CMR	score	(i.e.	the	mediating	effect).	Path	ab	coefficients	represents	10,000	
bootstrapped	samples	and	bias-corrected	95%	confidence	intervals	


